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A New Genus and Species oe Late Miocene Paleoparadoxiid

(Mammalia, Desmostylia) erom Calieornia^

Lawrence G. Barnes^

ABSTRACT. The Desmostylia are an extinct order of quadrupedal, marine, herbivorous, placental mammals whose closest living relatives

are Proboscidea (elephants and their relatives) and Sirenia (sea cows and manatees). Desmostylians lived around the margins of the North

Pacific Ocean from the Oligocene until the end of the Miocene. A 10- to 11-million-year-old fossil skeleton, here named Neopiiradoxia

cectlialina, new genus and new species, was found in the early late Miocene part of the Monterey Formation in Orange County, coastal

southern California, USA. This is the geochronologically youngest named species of desmostylian. The holotype of this species is the most

complete known paleoparadoxiid desmostylian skeleton and only the second desmostylian skeleton yet reported from North America that

includes a cranium. The skeleton is exhibited in the Age of Mammals hall of the Natural History Museum of Los Angeles County. Among
previously named desmostylians, N. ceciliali>ia is most closely related to middle Miocene (approximately 14-million-year-old)

Paleoparadoxia repenningi Domning and Barnes, 2007. The two species share sufficient numbers of characters to warrant transferring

P. repenningi to the new genus Neoparadoxia. These species demonstrate that geochronologically late paleoparadoxiids evolved enhanced

adaptations for life in water (larger body size, larger manus and pes, enlarged external nares, elevated orbits) and other adaptations related

to bulk aquatic feeding (enlarged oral cavity, ventrally turned snout and anterior end of the mandible, larger molars). Neoparadoxia

cecilialma has incisors that are flatter and wider than those of any other known desmostylian. Other derived features of N. cecilialina, such

as delayed eruption of canines and posterior-most molars, possibly extended its life span, with a result being larger adult body size. Such

adaptations in the last known desmostylians may have been responses to competition with dugongid sirenians, also herbivores, that

appeared in the North Pacific Ocean after the earlier endemic desmostylians and ultimately supplanted them in that realm. The
comparatively small and primitive species, Paleoparadoxia weltoni Clark, 1991, from the latest Oligocene Skooner Gulch Formation in

Mendocino County, California, USA, is assigned to the new genus Archaeoparadoxta.

INTRODUCTION

The extinct placental mammalian order Desmostylia (Reinhart,

1953, 1959) includes quadrupedal, amphibious, marine herbivores

(Inuzuka et ah, 1995). Their closest relatives are the members of

the orders Proboscidea (elephants and their relatives) and Sirenia

(sea cows, manatees, and their relatives), and the relationships of

Desmostylia have been discussed by Domning et al. (1986),

Thewissen and Domning (1992), and Inuzuka (2000a).

Domning (2002:108) postulated that desmostylians were slow

moving and clambered around on uneven, rocky, and slippery

surfaces while moving between land and sea. He envisioned them
as being like the Miocene age eastern South Pacific “sea sloths” of

the genus Tbalassocnits Muizon and McDonald, 1995. He noted

(2002:109) that aquatic adaptations of desmostylians included

posteriorly retracted external nares, elevated orbits, dorsoventrally

flattened and transversely expanded sternum, a large olecranon

process of the ulna, and the semipronated orientation of the

manus. Domning (2002:101-102) also compared desmostylian

body type with those of hippos and rhinoceroses.

Desmostylian fossils are known only from around the margins
of the North Pacific Ocean, and their known temporal range is

from the earliest Oligocene, approximately 32 to 33 million years

ago (Domning et ah, 1986; Inuzuka et ah, 1995; Inuzuka, 2000a,
2000b; Barnes and Goedert, 2001; Beatty, 2009), to the early

Late Miocene, or approximately 10 or 11 million years ago
(Reinhart, 1959; Mitchell and Repenning, 1963; this study).

Desmostylian fossils are typically rare, incomplete, or poorly

preserved, and comparatively few species have been named in the

group. Within the order Desmostylia, the families Desmostylidae
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and Paleoparadoxiidae are currently recognized (Reinhart, 1959;

Domning et ah, 1986; Clark, 1991; Inuzuka et ah, 1995;

Inuzuka, 2000a, 2000b, 2005). Inuzuka (1987) proposed the

family Behemotopsidae to include primitive species of the genus

Behemotops Domning, Ray, and McKenna, 1986, but he later

placed Behemotops in the Paleoparadoxiidae. Beatty (2009)

subsequently recognized the Behemotopsidae as separate.

Species in the family Paleoparadoxiidae have relatively large

heads and large feet, and their brachydont and bunodont molars

differ from the stylodont and hypsodont molars of species in the

family Desmostylidae (Inuzuka, 2000a; Domning, 2002). As
currently recognized, the family Paleoparadoxiidae includes

only five previously named species (Table 1). Two of these

are classified in the genus Behemotops Domning, Ray, and
McKenna, 1986 (see Inuzuka, 2005:8), and three have been

classified in the genus Paleoparadoxia Reinhart, 1959 (see

Inuzuka et ah, 1995; Inuzuka, 2000a, 2000b; 2005; Domning
and Barnes, 2007; Domning and Pyenson, 2008).

Behemotops was first named to include Behemotops proteits

Domning, Ray, and McKenna, 1986, from the late middle

Oligocene part of the Pysht Formation in Washington, USA, and
Behemotops emlongi Domning, Ray, and McKenna, 1986, from

the late Oligocene part of the Yaquina Formation in Oregon,

USA. In a subsequent paper, Ray et ah (1994) synonymized B.

emlongi with B. protens. Subsequently, Behemotops katsuiei

Inuzuka, 2000b, was named on the basis of a partial skeleton

from the late Oligocene age Morawan Formation, exposed near

the town of Ashoro on the island of Hokkaido, Japan.

The most primitive previously named paleoparadoxiid that has

been assigned to the genus Paleoparadoxia is the comparatively

small species, Paleoparadoxia weltoni Clark, 1991. It is known
only by a subadult partial skeleton from the latest Oligocene age

Skooner Gulch Formation in Mendocino County, California,

USA, and is approximately 24 million years old (Addicott, 1967).

A larger and more highly derived species, Paleoparadoxia

tabatai (Tokunaga, 1939), is best known from the juvenile
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Table 1 Species of the family Paleoparadoxiidae currently recognized

Barnes: New Paleoparadoxiid Desmostylian from California

as valid and their geologic ages and geographic distributions.

Species Epoch Range (Ma) Distribution

Behemotops proteus (inch B. emlongi) Early and late Oligocene 29-26 Washington and Oregon, USA
Behemotops katsniei Late Oligocene 24 Hokkaido, Japan
Archaeoparadoxia weltoni Latest Oligocene 24 California, USA
Paleoparadoxia tabatai Late early Miocene ~18 Honshu, Japan
Neoparadoxia repenningi Middle Miocene ~14 California, USA
Neoparadoxia cecilialina Early late Miocene -11-10 California, USA

neotype skeleton (NSM-PV 5601, the “Izumi Specimen”) from

the early middle Miocene age Aoki Formation on Honshu, Japan,

and is approximately 18 million years old (Hasegawa et ah,

1995; Domning and Barnes, 2007). Other Miocene Californian

and Japanese specimens have been identified as P. tabatai or

Paleopanidoxia sp. (Reinhart, 1959; Hasegawa et ah, 1995,

2006; Inuzuka, 2000b). For this study, comparisons with and

diagnoses for P. tabatai rely on the neotype of the species.

Hasegawa and Kohno (2007) and Domning and Barnes (2007)

argued for the retention of the name P. tabatai, with its neotype

being the “Izumi Specimen,” and for the suppression of the

species name Paleoparadoxia media Inuzuka, 2005, which has as

its holotype the same specimen.

A very large and relatively derived species, Paleoparadoxia

repenmngi Domning and Barnes, 2007, is known only from the

old adult holotype specimen (the “Stanford Skeleton”), which is

from the middle Miocene age Ladera Sandstone (see Skjei et ah,

1965), exposed near Stanford University, San Mateo County,

California, USA, and is approximately 14 million years old. This

specimen was thoroughly described by Inuzuka (2005) in a paper

in which it was identified as P. tabatai.

Panofsky (1998), for an exhibit of a mounted replica of the

holotype skeleton of P. repenningi, modeled the missing cranium

from an undescribed partial cranium in the Santa Barbara Museum
of Natural History (Santa Barbara, California, USA) that was
collected from the middle to late Miocene age Monterey Formation

in coastal central California. That cranium is from a different

formation and is of a different geologic age than the Ladera

Sandstone, which yielded the holotype of P. repenningi. The
resulting cranial model was modified and scaled to fit the mandible

of the holotype of P. repenningi. Panofsky incorporated into the

cranial model replicas of several paleoparadoxiid teeth from

deposits of various ages that most likely belong to different species

of paleoparadoxiids. Therefore, the cranial model of P. repenningi

used by Panofsky (1998) does not represent the morphology of the

cranium of that species and probably not of any actual species of

desmostylian. For the purposes of the present study, the cranial

morphology of P. repenningi is considered to remain unknown.

Figure 1 Map showing the type locality, LACMlocality 7506, of Neoparadoxia cecilialina, new genus and new species, at Laguna Niguel, Orange

County, coastal southern California, USA.
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Figure 2 The approximate stratigraphic position of the holotype

skeleton, LACM 150150, of Neoparadoxia cecilialma, new genus and
new species, at LACMlocality 7506, is indicated (diamond) within the

sedimentary sequence of Cenozoic marine sediments in the Capistrano

Embayment in southern Orange County, California, USA. Stratigraphy is

generalized from Vedder et al. (1957) and Fife (1974).

Various other paleoparadoxiid specimens of Miocene age from
North America have been less precisely identified as Paleopar-

adoxia sp. or as members of the family Paleoparadoxiidae

(Mitchell, 1963; Mitchell and Repenning, 1963; Aranda-Man-
teca and Barnes, 1993, 1996, 1998; Barnes and Aranda Manteca,
1997a, 1997b, 1997c).

The purpose of this article is to describe a new genus and
species in the family Paleoparadoxiidae based on a relatively

complete skeleton that was collected during a construction

project from the early late Miocene part of the Monterey

Formation near Aliso Viejo, Orange County, California, USA
(Figs. 1-3). This specimen, the bones of which are very well

preserved and were prepared in detail, is exhibited at the Natural

Flistory Museum of Los Angeles County in the Age of Mammals
hall. This skeleton, here designated as the holotype of the new
species, represents the geochronologically youngest named
species of desmostylian. Adults of this species apparently were

the largest of any presently known paleoparadoxiid. The
holotype of this species is the most complete known paieopar-

adoxiid desmostylian skeleton and only the second desmostylian

skeleton yet reported from North America that includes a

cranium. Inuzuka (2005:fig. 91, table 29) presented very useful

schematic images that indicate the bones that make up the

significant partial skeletons of desmostylians.

Because Paleoparadoxia weltoni has relatively very primitive

morphology, is morphologically very different from all other

named species of paleoparadoxiids, and is revealed by a

phylogenetic analysis to be divergent from other paleoparadox-

iids, it is here placed in the new genus Archaeoparadoxia.

Because P. repenningi is relatively derived and is shown herein by

a phylogenetic analysis to be most closely related (being a sister

taxon) to Neoparadoxia cecilialina than it is to any other

paleoparadoxiid, it is here transferred to the new genus

Neoparadoxia.

MATERIALSANDMETHODS

SPECIMENRECORDS

The holotype skeleton of N. cecilialina, new genus and new species, was
found partly disarticulated, although its bones had remained closely

associated in the sediment. It was collected in a large field plaster jacket

(Fig. 3), thus preserving the orientation of the bones. While the holotype

skeleton was being prepared in the laboratory at LACM, archival

photographs were made showing the orientation of the bones in the

sediment. Copies of the photographs are maintained in the LACMfiles,

and one of these photographs (Fig. 4) shows the locations of most of the

bones before they were removed from the sediment. As the bones of the

paleoparadoxiid and the associated bones of other vertebrates and shark

teeth were removed, they were numbered sequentially from 1 to 187. This

helps identify the fossils in the photographs and, in some situations, aids

in determining their anatomical positions. The appendix includes all of

the bones of the skeleton but not the other fossils that were found with

them.

SKELETALMOUNTANDMUSEUMEXHIBIT

The cleaned bones of the skeleton were articulated for the skeletal mount
that is exhibited (Fig. 5) in the Natural History Museum of Los Angeles

County. This mount, constructed by Research Casting International in

Toronto, Canada, was made in such a way that the individual bones are

held onto a supporting metal armature by screws and tabs of metal. Thus,

individual bones can be removed for study without dismantling the entire

skeletal mount.

Some of the cervical and thoracic vertebrae were found in their

anatomical sequence when excavated, so their positions are unequivocal.

The positions of nonarticulated vertebrae, ribs, sternebrae, and bones of

the manus and pes were identified by comparison with skeletons of other

desmostylians (e.g., Shikama, 1957, 1966, 1968; Inuzuka, 1988, 2005).

The positions of some of the ribs from the middle of the thorax and of

some of the thoracic and lumbar vertebrae are perhaps determined

correctly to within one or two positions.

None of the erupted upper cheek teeth were in place in the cranium, but

most of them were found loose in the sediment. Their positions were

determined based on the correct fits within dental alveoli and

comparisons with the known tooth morphologies of Paleoparadoxia

tahatai. Positions are unequivocal for the preserved lower cheek teeth,

which remained in place in the mandible.
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Figure 3 The holotype skeleton, LACM150150, of Neoparadoxta cealialiita, new genus and new species, in place while it was being excavated from

tilted sediment of the Monterey Formation at the type locality, LACM7506, at Laguna Niguel, Orange County, California, USA. A plaster, burlap, and

lumber jacket encase the skeleton, which conforms to the westward dip of the sediments in this area. This view is looking toward the north.

Some of the bones that were destroyed by machinery were re-created

for the skeletal mount by photographing the bones from the opposite side,

manipulating the images with the aid of computers, and replicating the

missing bones in plastic using computer technology. Other missing bones

were modeled by hand based on the known bones of the neotype of P.

tabatai and the holotype of Neoparadoxia repennitigi.

Some bones that have bite marks from sharks are now in the LACM
Vertebrate Paleontology Type Collection. Replicas of those bones were

placed in the mounted skeleton as well as being separately displayed

around the periphery of the exhibit (Fig. 5). Other original bones,

including the cranium and dentaries, are not on e.xhibit and are also in

permanent storage m the Museum’s Type Collection.

ABBREVIATIONS

UCMP Museum of Paleontology, University of California, Berkeley,

California, USA
USNM Department of Paleobiology, United States National Museum of

Natural History, Smithsonian Institution, Washington, D.C., USA [
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Ashoro Museum of Paleontology, Ashoro, Hokkaido, Japan
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NSM-PV Vertebrate Paleontology Collection, National Science Museum, Fr frontal bone
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Center, California State University at Fullerton, Santa Ana, III third metacarpal
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Figure 4 Neoparadoxia cecilialina, new genus and new species, holotype partial skeleton, LACM1 50150, with the bones in the positions in which they

were found within the sediment. The cranium, with its anterior end pointing to the left in this image, is at upper center, the left forelimb bones are to the

upper left from the cranium, the left hind limb bones are in the lower right part of the image, and ribs and vertebrae are scattered throughout the sediment

among these items. Bones of the holotype and a few bones and teeth of other vertebrates were numbered from I to 187 as they were removed for further

cleaning, restoration, and ultimate mounting. Each of the small scale bars indicates 10 cm. Barely visible horizontal and vertical lines are strings placed at

Trn intervals.

Ju jugal bone
L lunate bone in the manus
mp mastoid process

Mx maxillary bone
Na nasal bone
Oc occipital bone
occ occipital condyle

Pa parietal bone
Pmx premaxillary bone
R radius

S scaphoid bone in the manus
sop supraorbital process of the frontal bone
Sq squamosal bone
T triquetral bone in the manus
Td trapezoid bone in the manus
U ulna

V fifth metacarpal

SYSTEMATICPALEONTOLOGY
Order Desmostylia Reinhart, 1953

INCLUDED LAMILIES. Paleoparadoxiidae Reinhart, 1959

(including Behemotopsidae Inuzuka, 1987); and Desmostylidae

Osborn, 1905 (fide Inuzuka, 2000a, 2000b, 2005; Beatty, 2009)

(including Cornwalliidae (Shikama, 1957) Shikama, 1966).

Family Paleoparadoxiidae Reinhart, 1959

Paleoparadoxidae Reinhart, 1959:94, as a family of the order

Desmostylia. Inuzuka, 2000a: 1 6, 2000h:figs. 21, 30; Hase-

gawa et ah, 2006:39.

Paleoparadoxiidae Reinhart, 1959 (emended suffix). Inuzuka,

2000a:tables 6, 7, 2000b: 1 05, 1 1 8; 2005; Domning and

Barnes, 2007:749; Domning and Pyenson, 2008:923.



56 Contributions in Science, Number 521 Barnes: New Paleoparadoxiid Desmostylian from California
j

Figure 5 Neoparadoxia cecilialimi, new genus and new species, holotype reconstructed skeleton, LACM150150, as exhibited in the Age of Mammals
hall of the Natural History Museumof Los Angeles County. Estimated snout-to-tail body length, as restored, is 2.44 m. The exhibit includes, for closer

inspection around the perimeter, replicas of the right dentary, left scapula, left ulna, and left ilium that have marks from the bites of sharks and of the fifth

lumbar vertebra with the perforated vertebral epiphyses. A reconstructed artificial tooth set of the extinct tiger shark, Gateocerdo aduncus Agassiz, 1 843,

includes 13 isolated teeth that were found among the bones of the skeleton. Two computer-activated video screens display information about the

specimen and its discovery, preparation, replication, mounting, and study.

Paieopradoxiidae (error). Inuzuka, 2000b:105.

Behemotopsidae Inuzuka, 1987:16, as a family of the order

Desmostylia, to include Behemotops Domning, Ray, and

McKenna, 1986; Beatty, 2009.

TYPE GENUS. Paleoparadoxia Reinhart, 1959.

INCLUDEDSUBEAMILIES. Behemotopsinae (Inuzuka, 1987),

new subfamily; Paleoparadoxiinae (Reinhart, 1959), new sub-

family.

DISTRIBUTION. Late middle Oligocene to early late Mio-
cene; circum-North Pacific (Baja California, Mexico; California,

Oregon, and Washington, USA; Japan).

Subfamily Behemotopsinae (Inuzuka, 1987) new subfamily

Behemotopsidae Inuzuka, 1987:16, as a family of the order

Desmostylia, to include Behemotops.

DIAGNOSIS OE SUBEAMILY. Paleoparadoxiidae having

mandibular symphysis, lower incisors, and canines oriented

anterodorsally, medial side of canine flattened, no diastema

between c and pi, PI present, hypoconid and entoconid of p4
reduced in height compared to protoconid and metaconid.

TYPE AND ONLY INCLUDED GENUS. Behemotops
Domning, Ray, and McKenna, 1986.

DISTRIBUTION. Oligocene; circum-North Pacific (Oregon

and Washington, USA; Japan).

Subfamily Paleoparadoxiinae (Reinhart, 1959) new subfamily

Paleoparadoxidae Reinhart, 1959:94, as a family of the order

Desmostylia.

DIAGNOSIS OF SUBFAMILY. Paleoparadoxiidae having

mandibular symphysis, lower incisors, and canines rotated

anteroventrally becoming directed anteriorly rather than

anterodorsally, lower canine round in cross section rather than

flattened on medial side, diastema between c and pi, apices of

hypoconid and entoconid of p4 similar in height to protoconid

and metaconid rather than reduced in height.

TYPE GENUS. Paleoparadoxia Reinhart, 1959.

INCLUDEDGENERA.Archaeoparadoxia, new genus; Paleo-

paradoxia Reinhart, 1959; Neoparadoxia, new genus.

DISTRIBUTION. Latest Oligocene to early late Miocene;

circum-North Pacific (Baja California, Mexico; California, USA;

Japan).
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Table 2 Measurements (in mm) of crania of two species of Paleoparadoxiidae; Paleoparadoxia tabatai (Tokunaga, 1939), neotype, NSM-PV5601,

and Neoparadoxia cecilialina, new genus and new species, holotype, LACM150150. Because of the large size of the specimens and the fact that they are

somewhat distorted, measurements are rounded to the nearest mm. Measurements of the neotype of P. tabatai that are followed by a number in

parentheses were as provided by Hasegawa et al. (1995), and the descriptions in parentheses are the same identifiers for measurement parameters that

were used by Inuzuka (2005). The holotype cranium of Archaeoparadoxia iveltoni is too distorted to provide meaningful measurements (Clark, 1991),

but it definitely is a smaller animal than P. tabatai (see Clark, 1991; Inuzuka, 2005; Domning and Barnes, 2007).

Cranium P. tabatai N. cecilialina

Condylobasal length (3) 482 553

Palatal length (gnathion to palatal notch) 321 344

Length of right cheek tooth alveolar row, P3-M2 79 86

Length of right cheek tooth alveolar row, P3-M3 103 107’

Anteroposterior length of nasal hone (10) 112 98 (est)

Maximum width across both nasal bones (34) 50 (est)'’-‘ 83

Anteroposterior diameter of right orbit 54 64

Maximum rostral width (across canines) 115 147

Minimum rostral width (at constriction between canines and cheek teeth) (40) 88 125

Width across antorbital processes of frontals 182 (est)'’ 295

Zygomatic width 239 324

Paroccipital width (53) 232 328 (est)'’

Cranium height (measured at basion) (55) 139 165

Maximum width of dorsal narial opening (67) 44 72

Anteroposterior length of dorsal narial opening 148 169

Depth of zygomatic process of jugal (77) 20 24

Width across occipital condyles 124 162

Height of occipital condyles 48 65

Transverse diameter of foramen magnum 49 54

“ The M3s had not erupted; therefore, the location of the posterior end of the cheek tooth row is interpreted as being at the posterior margin of the

alveolus for this tooth.
*’ Estimated measurements, indicated by (est), are two times half a width because of damage to the specimen.

This is inexplicably narrower than the width of the nasal bones that was provided by Hasegawa et al. (1995).

Archaeoparadoxia new genus

Paleoparadoxia (part), for Paleoparadoxia weltoni Clark,

1991:494. Ray et al., 1994; Inuzuka et al., 1995:524, 528;

Panofsky, 1998:6; Inuzuka, 2000a, 2000b, 2005; Domning
and Barnes, 2007; Domning and Pyenson, 2008.

DIAGNOSIS OF GENUS. Because the genus Archaeopara-

doxia is monotypic, the diagnosis of the genus shall remain

identical to that of the type species until other species are named
in the genus.

TYPE AND ONLY INCLUDED SPECIES. Paleoparadoxia

weltoni Clark, 1991.

DISTRIBUTION. Latest Oligocene, eastern North Pacific

(northern California, USA).

ETYMOLOGY.Archaios, Greek for “from the beginning,” or

“old,” combined with paradoxia, part of the generic name
Paleoparadoxia, reflecting the early geochronological age and
relatively primitive morphology of the type species of this genus.

Archaeoparadoxia weltoni (Clark, 1991) new combination

Paleoparadoxia iveltoni Clark, 1991:494, figs. 2-5. Ray et al.,

1994; Inuzuka et al., 1995:524, 528; Panofsky, 1998:6;

Inuzuka, 2000a, 2000b, 2005; Domning and Barnes, 2007;
Domning and Pyenson, 2008.

EMENDEDDIAGNOSIS OE SPECIES. A species of the

subfamily Paleoparadoxiinae having comparatively small adult

body size; comparatively gracile limb bones; mandibular dental

formula i3, c, pl-4, ml-3; lower incisor crowns not extremely
flattened dorsoventrally and not expanded transversely; differing

from species of Paleoparadoxia and Neoparadoxia by having
transverse processes on thoracic vertebrae directed laterally

rather than inclined dorsolaterally, and by not having lateral

projection of proximal end of fifth metacarpal; and differing

from all other species of Paleoparadoxiidae by having enlarged

paraconid on p4, and by lacking hypoconulid on m3.

HOLOTYPE.UCMP1 14285, a partial skeleton, collected on
14-15 May 1974 by Daryl P. Domning, Steve Edwards, and Bruce

J. Welton and on 19 May 1974 by J. David Archibald, Leah

Archibald, Daryl P. Domning, Steve Edwards, Bruce Hanson, J.

Howard Hutchison, David Leviton, Raul Madrid, Scott Newton,
and Bruce J. Welton; field number DP Domning 191.

TYPE LOCALITY. UCMPV75135, near Iverson Point,

approximately 400 m south of Skooner Gulch, Mendocino
County, California, USA.

FORMATIONANDAGE. The holotype was collected from a

glauconitic sandstone 5.7 m below the top of the Skooner Gulch
Formation and is latest Oligocene in age, approximately 24
million years old (Addicott, 1967; Phillips et al., 1976:152;

Barnes, 1979:11; Clark, 1991:494-495; Janis et al., 2008:694,

app. 1, WM9).
DISCUSSION. The holotype skeleton has fully erupted teeth

with wear on the crowns of its cheek teeth, but the epiphyses on
some of its postcranial bones are not fused. Therefore, the

specimen is of a subadult, not fully mature, that had probably

attained nearly its adult size (Clark, 1991:495). Its cranium is

smaller than that of the juvenile neotype of P. tabatai and smaller

than the cranium of the ontogenetically younger holotype of N.

cecilialina, and its dentary is shorter than that of the old adult

holotype of N. repenningi.

Neoparadoxia new genus

Paleoparadoxia Reinhart, 1959 (part), in referring to UCMP
81302, the holotype of Paleoparadoxia repenningi. Panofsky,

1998:3 et seq.; Inuzuka, 2000a, 2000b, 2005.

Neoparadoxia Barnes, 2011. Harris, 201 1:23.
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Table 3 Measurements (in mm) of dentaries of the three most completely known species of Paleoparadoxiidae; Paleoparadoxia tabatai (Tokunaga,

1939), neotype, NSM-PV5601; Neoparadoxia repenningi (Domning and Barnes, 2007), holotype, UCMP81302; and Neoparadoxia cecilialina, new
genus and new species, holotype, LACM150150. Because of the large size of the specimens and the fact that some are distorted, measurements are

rounded to the nearest mm. The holotype mandible of Archaeoparadoxia weltoni is too distorted to provide meaningful measurements (Clark, 1991), but

it definitely is a smaller animal (Clark, 1991; Inuzuka, 2005; Domning and Barnes, 2007). The left dentary was measured for P. tabatai and N.

repenningi, and the right dentary was measured for N. cecilialina.

P. tabatai N. repenningi N. cecilialina

Total length of dentary 364 514 418
Anteroposterior length of m2 crown 28 — 31
Length of cheek tooth alveolar row, pi -m2 118 156 146
Length of cheek tooth alveolar row, pi -m3 149 213 165“

Length of symphyseal articular surface 160 199 154
Greatest width of symphyseal articular surface 23 42 33
Depth of horizontal ramus at m1 87 139 96
Height of dentary at coronoid process 197 296 226
Transverse width of mandibular condyle 44 79 59

^ The m3s had not erupted; therefore, the location of the posterior end of the cheek tooth row is interpreted as being at the posterior margin of the crypt

for this unerupted tooth.

DIAGNOSIS OF GENUS. A genus of the subfamily Paleopar-

adoxiinae differing from Archaeopa rad oxia and Paleoparadoxia

by having larger body size and by having relatively larger

cranium that is more massive and wider transversely, with larger

oral cavity; larger dorsal naris; transversely wider nasal bones;

larger and more dorsally placed orbits; margin of orbit

extending farther laterally because of flared ventral edge of

jugal at anterior end of zygomatic arch; dorsoventrally deeper

jugal ventral to orbit; supraorbital process of frontal larger,

wider, thicker, more elevated dorsally, and extending farther

laterally; several nutrient foramina present on dorsal surface of

supraorbital process; dorsal surface of cranium between
supraorbital processes depressed rather than elevated; zygomatic

arches bowed more laterally rather than nearly parallel-sided;

more extensive area of parietal bones that form lateral wall of

braincase; proportionally larger temporal fossae; shorter,

transversely wider, and much more massive paroccipital

processes; M2 and ml crowns having cingula extended crown-
ward to form additional cuspules and larger occlusal surfaces;

first rib less curved; three pairs rather than four pairs of

mesosterna; more massive limb bones (e.g., distal end of

humerus nearly twice the absolute width of that of A. weltoni

and approximately 1.5 times the width of that of P. tabatai)-,

humerus with relatively larger pectoralis major tuberosity; tibia/

fibula distal articulation enlarged, triangular and tapered

proximally, differing further from Archaeoparadoxia by having

by having transverse processes on thoracic vertebrae more
inclined dorsolaterally; lateral projection of proximal end of

fifth metacarpal; astragalar facet on distal end of tibia more
tilted proximally; differing further from Paleoparadoxia (based

on neotype of P. tabatai) by having deeper sulcus in dorsal

surface of vomer in floor of dorsal naris; wider rostrum;

absolutely and relatively larger infraorbital foramen; fossa

present on anterior side of paroccipital process; anterior part

of palate nearly flat rather than transversely arched; wider cleft

at posterior end of palate between pterygoid hamulae, relatively

and absolutely larger glenoid fossa; ontogenetically later

eruption of M3 and m3; mandible with more ventrally bent

anterior end; deeper and transversely wider fossa in oral cavity

dorsal to mandibular symphysis; mandibular condyle positioned

more dorsally relative to dorsal margin of horizontal ramus;

coronoid crest more reclined posteriorly; mandibular foramen
larger and positioned more dorsally relative to dorsal margin of

horizontal ramus; proportionally larger pi (“snagging tooth”); [

proportionally larger p2; and astragalar facet on distal end of
\

tibia more tilted proximally. ?

TYPE SPECIES. Neoparadoxia cecilialina, new species, early
|

late Miocene, southern California, USA. |

INCLUDED SPECIES. Neoparadoxia cecilialina, new spe-
f

cies; and N. repenningi (Domning and Barnes, 2007), new
j;

combination.
j|

DISTRIBUTION. Middle Miocene and early late Miocene,
|

California, USA.
\

ETYMOLOGY. Neo, Latin for “new,” combined with
||

paradoxia, part of the generic name Paleoparadoxia-, reflecting [

the geochronologically young age and comparatively derived

anatomy of the type species of this genus.
j

Neoparadoxia repenningi (Domning and Barnes, 2007)
|

new combination

Figs. 12, 20B; Tables 1, 3, 6

Paleoparadoxia sp. Repenning, 1965:1, 3; Romer, 1966:fig. 367;

Clark, 1991:491.

Paleoparadoxia. Repenning and Packard, 1990; Panofsky,

1998:3, et seq.

P. sp. nov. (The Stanford specimen). Inuzuka et ah, 1995:524.

P. Stanford skeleton from America. Inuzuka, 2000a:table 1.

P. sp. nov. Inuzuka, 2000b:fig. 21.

Paleoparadoxia sp. Inuzuka, 2000b:table 6.

Paleoparadoxia tabatai (Tokunaga, 1939) (part). Inuzuka,

2005:10-12, et seq., figs. 1:7-9, 2-56, 57-76, 80, 93-1, 93-6.

Paleoparadoxia repenningi Domning and Barnes, 2007:749.

Domning and Pyenson, 2008:925, et seq.

EMENDEDDIAGNOSIS OF SPECIES. A species of the genus

Neoparadoxia differing from N. cecilialina by having smaller

adult body length (estimated approximately 2.2 m); relatively

larger head (mandible length approximately 23% of total body

length); mandible with dorsoventrally relatively deeper horizon-

tal ramus; more ventrally bent anterior end so that ventral border

of symphysis is in same plane as ventral border of horizontal

ramus; concave rather than flat anteroventral surface anterior to

symphysis; anterior border of coronoid process nearly straight

rather than curving posteriorly; lower incisors directed slightly

anteroventrally rather than being directed straight anteriorly;

mandibular dental formula i3, c, pl-2, 4, ml-3, p3 absent (three
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i

jl Table 4 Measurements (in mm) of the teeth of the holotype of

i Neoparadoxia cecilialina, new genus and new species, LACM 150150.

I All measurements are of the more complete right tooth rows, except for

i[
the left P4, which was recovered, but the right P4 was not.

Parameter Measurement

11 crown transverse width 21.0

11 crown height (apex worn) 19.0

12 crown transverse width 24.0

12 crown height (apex worn) 22.0

13 crown transverse width 16.7

13 crown height (apex worn) 14.0

C crown transverse width (estimated) 19.0

C crown height 37.0

P3 crown anteroposterior length 17.2

P3 crown labiolingual width 16.0

P3 crown height (moderately worn) 18.5

P3 root length 31.5

P4 crown anteroposterior length (left) 21.2

P4 crown labiolingual width (left) 20.0

P4 crown height (moderately worn) 18.0

P4 root length (left) 28.6

Ml crown anteroposterior length 21.0

Ml crown labiolingual width 21.0

Ml crown height (severely worn) 11.0

Ml root length 31.0

M2 crown anteroposterior length 31.2

M2 crown labiolingual width 25.4

M2 crown height (moderately worn) 22.0

M2 root length 26.0

M3 unerupted, remains within crypt —
il crown transverse width 23.8

il crown height (apex worn off) 29.7

i2 crown transverse width 25.5

i2 crown height (apex worn off) 26.3

i3 crown transverse width 22.2

i3 crown height (apex broken off) —
c crown transverse width >21
c crown height >50
pi crown anteroposterior length 15.9

pi crown labiolingual width 13.0

pi crown height 30.8

p2 crown anteroposterior length 21.3

p2 crown labiolingual width 23.7

p2 crown height 24.5

p3 tooth not present in specimen —
p4 crown anteroposterior length 21.0

p4 crown labiolingual width 17.8

p4 crown height (moderately worn) 23.9

ml crown anteroposterior length 21.8

ml crown labiolingual width 15.0

ml crown height (severely worn) 9.3

m2 crown anteroposterior length 33.4

m2 crown labiolingual width 25.9

m2 crown height (moderately worn) 21.4

m3 unerupted, remains within crypt —

rather than four lower premolars in each dentary); lower incisor

roots dorsoventrally deeper; i3 root rhomboid in cross section

rather than being dorsoventrally flattened; pi located anterior to

ventrally curved part of dorsal margin of dentary rather than

posterior to ventrally curved part of margin; 16 thoracic

vertebrae rather than 15; six lumbar vertebrae rather than five;

five sacral vertebrae rather than four; olecranon process of ulna

elongated and directed proximally rather than being shortened

and bent medially; distal epiphysis of ulna not so thick

proximodistally; proximal phalanges of pes shorter and wider;

and astragalar facet on distal end of tibia less tilted proximally.

Barnes: New Paleoparadoxiid Desmostylian from California 59

HOLOTYPE.UCMP81302 (the “Stanford Skeleton”), nearly

complete skeleton of old adult comprising one partial incisor, left

dentary, stylohyoid, and nearly all postcranial elements but

lacking the cranium; described and illustrated by Panofsky

(1998) in a publication about the creation of a mount of a skeletal

replica of the holotype for the Stanford Linear Accelerator and in

detail by Inuzuka (2005); collected by Charles A. Repenning, Earl

Leroy Packard, Ray Cox, Adele I. Panofsky, and others, discovered

on 2 October 1964, with the collecting taking five weeks
(Panofsky, 1998:3).

TYPE LOCALITY. UCMP locality V68129, 37°25'00"N
latitude, 122°12'03"W longitude, Stanford Linear Accelerator

Center, San Mateo County, California, USA.

EORMATIONANDAGE. The holotype was collected from

the Ladera Sandstone, which is middle Miocene in age,

correlated with the Temblor provisional provincial megainver-

tebrate stage of Addicott (1972) and indirectly with the Luisian

and perhaps part of the Relizian foraminiferal stages and with

the Barstovian North American Land Mammal Age and
therefore approximately 14 million years old (see Packard,

1962; Skjei et a!., 1965; Dibblee, 1966; Page and Tabor,

1967:4-5; Barnes, 1972:41; Repenning anti Tedford, 1977:75,

table 1, fig. 6; Panofsky, 1998:7; Repenning and Packard, 1990;

Inuzuka, 2005: 12; Domning and Barnes, 2007). Nearby
exposures of the Ladera Sandstone also yielded other fossil

marine vertebrates (Packard, 1962), including the holotype of

the allodesmine desmatophocid otarioid pinniped Brachyallo-

desmtts packardi (Barnes, 1972) (and see Barnes and Hirota,

1995:332, 334).

DISTRIBUTION: Middle Miocene, central California, USA.

Neoparadoxia cecilialina new species

Eigs. 4-7, 9, 10, 14, 15, 16A, 17B, 17G, 18-20, 21 A, 22-25,

26A, 26B, 26G, 27-37; Tables 1-6; Appendix

“previously unknown paleoparadoxiid species...” Pires,

2010:37.

“a new paleoparadoxiid desmostylian...” Barnes, McLeod, and

Rhue, 201 1:7.

Neoparadoxia cecilialina Barnes, 2011. Harris, 201 1:23.

DIAGNOSIS OP SPECIES. A species of the genus Neopar-
adoxia differing from N. repenningi by having larger adult body
length (approximately 2.44 m as juvenile and estimated

approximately 2.73 m as adult); relatively smaller head

(mandible length approximately 17% of body length; mandible

with dorsoventrally less deep horizontal ramus, less ventrally

bent anterior end, and flat rather than concave anteroventral

surface anterior to symphysis, anterior border of coronoid

process curving posteriorly rather than being nearly straight;

lower incisors projecting straight anteriorly rather than being

directed slightly anteroventrally; mandibular dental formula

il-3, c, pl-4, ml-3; p3 present (four lower premolars in each

dentary rather than three); lower incisors having dorsoventrally

flattened roots rather than being dorsoventrally deep and
rhomboid in cross section; pi located posterior to ventrally

curved dorsal margin of dentary rather than anterior to ventrally

curved part; 15 thoracic vertebrae rather than 16; five lumbar

vertebrae rather than six; four sacral vertebrae rather than five;

olecranon process of ulna shortened and bent medially rather

than elongated and directed proximally; distal epiphysis of ulna

thicker proximodistally; proximal phalanges of pes longer and

narrower; and astragalar facet on distal end of tibia more tilted

proximally.

HOLOTYPE. LACM 150150 (= OCPC 1892), nearly

complete skeleton, lacking most of the limb bones on the right
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Table 5 Measurements (in mm) of postcranial bones of the holotype of Neoparadoxia cecilialina, new genus and new species, LACM150150. (est)

indicates estimated original total length and diameter of diaphysis of humerus before the bone was fractured due to geologic displacement.

Parameter Measurement

Length of cervical vertebrae articulated with spaces for intervertebral cartilages 383
Atlas (first cervical) vertebra

Greatest width across transverse processes 230
Transverse width across anterior articular facets 168

Height of anterior articular facets 77

Length of caudal vertebrae as restored with spaces for intervertebral cartilages 403
Scapula (left)

Total height, vertebral border to rim of glenoid fossa 436
Craniocaudal width of blade, maximum 256
Craniocaudal width of neck, minimum 97
Craniocaudal width of distal end across glenoid fossa 146

Mediolateral (transverse) width of glenoid fossa 93

Craniocaudal width of glenoid fossa 91

Humerus (left)

Greatest length (408 mm, plus 45 mmto compensate for breakage) 453 (est)

Mediolateral (transverse) width of proximal end 174

Mediolateral (transverse) diameter of humeral head 124

Craniocaudal diameter of humeral head 104

Least mediolateral (transverse) diameter of diaphysis at midlength 57 (est)

Least craniocaudal diameter of diaphysis at midlength 73

Transverse diameter of distal end 151

Radius (left)

Greatest length 329
Mediolateral (transverse) width of proximal articular facet 105

Craniocaudal diameter of proximal articular facet 68

Least mediolateral (transverse) diameter of diaphysis at midlength 53

Least craniocaudal diameter of diaphysis at midlength 52

Transverse diameter of distal end 101

Craniocaudal diameter of distal end 116

lUna (left)

Greatest length 408

Mediolateral (transverse) width of proximal end at semilunar notch 103

Least mediolateral (transverse) diameter of diaphysis at midlength 64

Least craniocaudal diameter of diaphysis at midlength 51

Transverse diameter of distal end 78

Craniocaudal diameter of distal end 105

Ilium (left)

Anterocaudal length 370

Dorsoventral thickness of cranial (anterior) end 209

Femur (right)

Greatest length 456
Transverse diameter of femoral head 97

Craniocaudal diameter of femoral head 94

Least mediolateral (transverse) diameter of diaphysis at midlength 81

Least craniocaudal diameter of diaphysis at midlength 58

Mediolateral (transverse) diameter of distal end 179

Mediolateral (transverse) width of patellar platform 93

Tibia (left)

Greatest length 427
Mediolateral (transverse) width of proximal articular facet 148

Least mediolateral (transverse) diameter of diaphysis at midlength 70

Least craniocaudal diameter of diaphysis at midlength 75

Mediolateral (transverse) width of distal end 143

Craniocaudal diameter of distal end 95

Fibula (left)

Greatest length of diaphysis 304

Mediolateral (transverse) width of proximal end 35

Craniocaudal width of proximal end 34

Least transverse diameter of diaphysis at midlength 21

Least craniocaudal diameter of shaft at midlength 18

Transverse width of distal end 40

Craniocaudal diameter of distal end 35
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Table 6 Comparative numbers of vertebrae in various parts of the body in three species of Paleoparado.xiidae. Data for Paleoparadoxia tabatai is

based on the neotype, NSM-PV 5601, the “Izumi Specimen”; for Neoparadoxia repeinii/igi is based on the holotype, UCMP81102, the “Stanford

Skeleton”, and for Neoparadoxia cecilialina is based on the holotype, LACM 150150.

Cervical Thoracic Lumbar Sacral Caudal

P. tabatai Assume 7“ 14 or 15' & 5 1 1, possibly 1 7

N. repenningi Assume 7^ 16‘‘ 6' 5« Minimum of 7

N. cecilialina 7 15 5, possibly 6 4 4, possibly 12

^ The neotype partial skeleton of P. tabatai is missing all of the cervical vertebrae (Inuzuka, 2005:figs. 83, 91 ), but seven cervicals are assumed to have

been present based on the presence of that number in most other mammals and in other desmostylian skeletons. The skeleton has been restored having

seven cervicals, and that is the way that cast replicas of the skeleton are exhibited in various museums (Shikama, 1957, 1966; Hasegawa, 1977; Domning,
2002:fig. 3; Inuzuka, 2005:figs. 93-2, -3, -4, -5).

^ The holotype partial skeleton of N. repenningi is missing all of the cervical vertebrae (Inuzuka, 2005:figs. 80, 91), but seven cervicals are assumed to

have been present based on the presence of seven cervicals in most other mammals and in other desmostylian skeletons, the skeleton has been restored,

and replicas of it have been exhibited as having seven cervicals (Panofsky, 1998).

The neotype partial skeleton of P. tabatai does not have a complete thoracic vertebral series (Inuzuka, 2005:fig. 83). Shikama (1966) stated that the

skeleton has 14 thoracic vertebrae, but the skeleton as it has been restored and as skeletal replicas of it are exhibited in various museums, has 15 thoracic

vertebrae (Domning, 2002:104).

The holotype skeleton of N. repenningi is missing thoracic vertebrae 1-3, but the presence of 16 pairs of ribs (Inuzuka, 2005:figs. 21, 22) indicates that

the species had 16 thoracic vertebrae (Domning, 2002:104; Inuzuka, 2005:16, table 6).

^ Domning (2002:104) confirmed that the “Izumi Skeleton” has six lumbar vertebrae.
^

Inuzuka (2005:figs. 11, 12, tables 6, 25) documented that the holotype of N. repenningi has six lumbar vertebrae.

® Domning (2002:104) stated that the “Stanford Skeleton” has five sacral vertebrae, all of them fused to one another except the first and second, and

Inuzuka (2005:table 25) also indicated five vertebrae. The images of the sacrum shown by Inuzuka (2005:figs. 16, 17) show the first caudal vertebra

fused with the fifth sacra! vertebra, indicative of the advanced ontogenetic age of the specimen, although this condition is not indicated in Inuzuka’s text

or images.

side and some of the limb bones on the left side; collected by

David N. Stevens, Scott Armstrong, Diana M. Weir, Marilyn

Morgan, Sherri Gust, and others, 25 March 1998.

TYPELOCALITY. LACM7506 (= OCPC1002), Aliso Viejo

area, Orange County, California, USA (Fig. 1; and see Barnes,

1977:fig. 1, area 20).

FORMATIONANDAGE. Neoparadoxia cecilialina is known
only from the Monterey Formation (see Vedder et ah, 1957; Fife,

1974); late Miocene, correlated with the Mohnian foraminiferal

stage and “Margaritan” provisional megainvertebrate stage

(Addicott, 1972; Barnes, 1977, 1985) and approximately 10 to

11 million years old (Fig. 2).

The holotype of N. cecilialina was collected from finely

laminated, semiconcretionary diatomites, mudstones, and silt-

stones (Fig. 3) that are mapped as the upper part of the Monterey
Formation (Vedder et ah, 1957; Fife, 1974).

Strata from slightly higher in the same formation and eastward

of the type locality of N. cecilialina, on the east side of Aliso Creek,

yielded the diatom Denticulopsis dimorpha (Schrader, 1973),

which is an index species for the North Pacific Diatom Zone NDP
5D, which spans from 9.16 to 9.9 million years (Maruyama, 2000;

Ventimeglia, 2010:16, fig. 14). Thus, the holotype of N. cecilialina

IS slightly older than 9.9 million years and may be approximately

10 to 1 1 million years old. Its geologic age is early late Miocene,

correlative with the Mohnian foraminiferal stage, the “Margar-
itan” provisional megainvertebrate stage of Addicott (1972) (see

Barnes, 1977:330, 1985:3) and indirectly with the middle part of

the Clarendonian North American Land MammalAge (Repenning

and Tedford, 1977:table 1; Tedford et ah, 2004:fig. 6.2). The
Monterey Formation in this area has yielded a diverse fossil marine

vertebrate assemblage, including sharks, fishes, reptiles, birds, and
mammals (Downs, 1 955; Howard, 1966, 1968; Fierstine and

Applegate, 1968; Barnes, 1977, 1978, 1985, 1988; Barnes et ah,

1985; Repenning and Tedford, 1977) and other unpublished

specimens in the LACM.
TAPHONOMY.Several bones of the skeleton bear scars from

bites by sharks, either from predation or from scavenging. Most
of these are large marks, made by teeth that did not have

serrations, and were probably made by isurids. The tip of a tooth

of a carcharhinid shark is embedded in the spine of the left

scapula. Thirteen teeth of the extinct tiger shark, Galeocerdo

adnnctis Agassiz, 1843, were found in the sediment among the

bones of the holotype. Scavenging by such sharks, accompanied
by current action, probably accounts for the displacement of

various bones of the skeleton and dislocation of the limbs.

DISTRIBUTION. Early late Miocene, Southern California, USA.

ETYMOLOGY.The species name, cecilialina, is a combined
patronym for Cecilia Perlstein and Alina Perlstein. The parents of

these young women, Ron and Judy Perlstein, have for many years

been active supporters of the Natural History Museum of Los

Angeles County and of its programs in vertebrate paleontology.

The species name is feminine in gender.

Figure 6 Neoparadoxia cecilialina, new genus and new species, holotype reconstructed skeleton, LACM 150150, viewed from the left side, as

exhibited in the Age of Mammals hall of the Natural Flistory Museum of Los Angeles County. Most of the left forelimb and hind limb are actual bone,
and the left femur is modeled after the right femur. Estimated total body length, as restored, is 2.44 m.

Figure 7 Neoparadoxia cecilialina, new genus and new species, reconstruction in left lateral view of the nearly complete holotype skeleton, LACM
150150; right hind limb deleted to show more clearly the bones of the left hind limb. Estimated total body length, as restored, is 2.44 m.

Figure 8 Neoparadoxia cecilialina, new genus and new species, hypothetical reconstruction of body contours in life of a juvenile individual, drawn
around the skeleton as shown in Figure 7, in left lateral view, based on the nearly complete holotype skeleton, LACM 150150. Estimated total body
length, as restored, is 2.44 m.
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BODY RESTORATIONS. The holotype specimen of N.

cedliali)ia, a nearly complete skeleton (Figs. 5-7, 9, 10), was
prepared and mounted for exhibit in the Age of Mammals hall of

the Natural History Museum of Los Angeles County (Fig. 5).

Images of this skeleton have previously been published by Fires

(2010) and Harris (2011).

The skeleton consists of the cranium; both dentaries; most of

the vertebrae, ribs, and sternebrae; most of the left forelimb,

including the scapula, humerus, radius, ulna, and parts of the

mantis; the right ilium; and part of the left hind limb, including

the tibia, fibula, and part of the pes; and part of the right hind

limb, including the femur and part of the pes. Thus, most of the

major elements of the skeleton are represented on either one side

of the body or the other. The cranium is nearly complete, and it is

slightly distorted obliquely by geologic compression from the

enclosing sediments. Most of the other preserved bones are

relatively undistorted.

The skeleton of N. cecilialina (Figs. 6-12) has a relatively

smaller head and larger feet compared to N. repenuingi-, a

ventrally turned snout and anterior end of the mandible; wide

rostrum; enlarged dorsal narial opening; enlarged oral cavity;

large, widely separated, and elevated orbits; enlarged paroccipital

processes; and prominent parasagittal crests. The lower incisors

are flattened dorsoventrally and widened transversely and
convergent, albeit on a small scale, with shovel-tusked probos-

cideans of the family Gomphotheriidae.

The distal parts of its anterior limbs are shorter than the distal

parts of the posterior limbs. The humerus (total length estimated

to be 453 mm) is nearly the same length as the femur (length =

456 mm). However, the radius (length = 329 mm) is

considerably shorter than the tibia (length = 427 mm). These

measurements (see Table 6) indicate that while the proximal

parts of the forelimbs and hind limb are nearly the same length,

the distal part of the hind limb was approximately 23% longer

than the distal part of the forelimb.

Various restorations of desmostylians in aquatic mode have

been presented by Mitchell (1966), Shikama (1966), Halstead

(1978), Fanofsky (1998), and Inuzuka (2005:fig. 102). Two new
restorations of paleoparadoxiids are presented here; one of N.

repamingi (Fig. 12) and one of N. cecilialina (Fig. 13). In both

cases, swimming postures are depicted, with the animals using

the pectttral limbs alternately for paddling and the hind limbs for

steering (Domning, 2002), in much the same manner used by

living polar bears (Ursiis maritimus Fhipps, 1774). Depictions

of desmostylians in terrestrial postures are very controversial,

especially regarding how to best depict the hind limbs and
accommodate their tibial torsion (Repenning, 1965; Shikama,

1966, 1968; Hasegawa, 1977; Halstead, 1978, 1985; Inuzuka,

1982, 1984, 1985, 2005:figs. 93-96; Savage and Long, 1986;

Domning, 2001, 2002).

The restoration of N. repenuingi is based on images of the

mounted replica of the holotype skeleton, UCMF81302, as

published by Fanofsky (1998:figure on p. 1, fig. 56). The cranium
of this specimen was never found, so the upper parts of the head
are entirely conjectural. The lower incisors are depicted based on
the only known incisor of this specimen, which is either an il or

i

an i2, and the shapes of the lower incisor alveoli in the dentary.
|

These indicate that the incisors are relatively large and protrude

anteriorly from the mouth, that the il-2 are not as flat at those of I

N. cecilialina, and that the i3 is deep dorsoventrally and nearly

quadrangular in cross section. Because the individual is an old

adult, its body is depicted as being bulky.

The restoration of N. cecilialina is based on images (Figs. 10,

11) of the right lateral view of the mounted replica of the

holotype skeleton, LACM150150, but reversed as a left lateral

view so that the head is turned toward the viewer. It has been

postulated (see Domning, 2002) that desmostylians generally

resembled living common hippos (Hippopotamus amphibius

Linnaeus, 1758), and the restoration of N. cecilialina therefore

depicts the living animal with thick, nearly hairless skin; facial

vibrissae; small ears extending dorsally from the top of the head;

a short tail; and some extent of webbing between the toes. The
proportions of the stout body, lengths of the limbs and tail, large

innominate bones angled posteroventrally (see Domning, 2002),

and the shapes and locations of the anteriorly protruding incisors

and canines, the large nostrils, and the elevated eyes are all based

directly on the holotype skeleton as it is mounted. The large and
posteriorly retracted bony narial opening of the cranium suggests

j

that the external nostrils were posteriorly retracted on the dorsal

surface of the snout. The animal is shown as less bulky than the

reconstruction of N. repenningi because it is a juvenile. Webs of
;

skin are shown between the flattened and splayed digits of both

front and hind feet (Repenning and Fackard, 1990; Domning,
2002:109). The rear foot is shown with its plantar surface facing

posteroventrolaterally, reflecting the tibial torsion (Domning,

2001 , 2002 ).

The posture is similar to that depicted for N. repenningi,

showing the animal swimming with its broad forefeet (Shikama,

1966:145, 148, fig. 114; Repenning and Fackard, 1990;

Domning, 2002:109). Alternate pectoral paddling (Fish, 1996) Ij

would likely have been employed, as by polar bears, with the
j

palms facing posteromedially when abducted beneath the trunk
;

(Domning, 2002). Shikama (1966) and Domning (2002:109)
'

envisioned these animals feeding on the sea floor with their hind
1

legs stabilizing their bodies. \

ONTOGENETICAGE, BODY SIZE, AND SEX. The
j

holotype specimen of N. cecilialina was an immature individual i

at the time of its death, as indicated by the following features. Its
|

upper and lower canines had not yet become fully erupted; the
)

tips of the crowns of these teeth protrude only slightly beyond the
|

bony alveolar rims. The pulp cavities in the roots of the F3s, F4s,
j

and M2s are open; these teeth were found out of their alveoli,
'

permitting observation of their roots. The upper and lower third

molars had not erupted; the as-yet-rootless crowns of these

Figure 9 Neoparadoxia cecilialina, new genus and new species, holotype reconstructed skeleton, LACM 150150, viewed front the right side, as

exhibited in the Age of Mammals hall at the Natural History Museum of Los Angeles County. Most of the right forelimb and hind limb are not actual

bone and are modeled after the corresponding bones on the left side of the skeleton. Estimated total body length, as restored, is 2.44 m.

Figure 10 Neoparadoxia cecilialina, new genus and new species, reconstruction in right lateral view of the nearly complete holotype skeleton, LACM
150150; left hind limb deleted to more clearly show the bones of the right hind limb. Estimated total body length, as restored, is 2.44 m.

Figure 11 Neoparadoxia cecilialina, new genus and new species, hypothetical reconstruction of body contours in life of a juvenile individual, drawn

around the skeleton as shown in Figure 10, in right lateral view, based on the nearly complete holotype skeleton, LACM150150. Estimated total body

length, as restored, is 2.44 m.

I
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Figure 12 Neoparadoxia repenningi (Domning and Barnes, 2007), new combination, hypothetical in-life reconstruction of an old adult individual, in

swimming posture, in left lateral view, based on the mounted replica of the holotype skeleton, UCMP81502 (the “Stanford Skeleton”), presented by

Panofsky (1998:frontispiece on p. 1 and fig. 56). The body proportions, lengths of the limbs, and shapes and locations of the protruding lower incisors

and canines are based directly on the holotype skeleton as mounted. No cranium is known for this species, so that part of the anatomy of this species is

conjectural. Estimated total body length of the replicated skeleton, as mounted at the Stanford Linear Accelerator, is 2.2 m. Artwork by Doyle V.

Trankina

developing teeth are present deep within their respective alveoli

{= crypts). Most of the crania! sutures are open, and both the

suture along the midline of the palate (joining the right and left

maxillae) and the transverse suture between the basioccipital and
basisphenoid bones are widely open. The epiphyses on the

thoracic, lumbar, and sacral vertebral centra; on the proximal

ends of the ribs; and on the limb bones had not yet fused, and the

three bones of the innominate had not yet fused together.

In contrast to these features that indicate immaturity, all of the

upper and lower incisors are fully erupted, the occlusal surfaces

of the erupted upper and lower premolars and molars (P3-4,

Ml-2, and p4, ml-2) are worn.

Although desmostylians have no close living relatives, the

living common hippopotamus, H. amphihius, is possibly the best

living analogue for desmostylian body mass and shape (see

Domning, 2002) and possibly for growth rates as well. Both

groups comprise large-bodied, herbivorous, quadrupedal, am-
phibious, placental mammals. The mean maximum life span of

extant hippos is approximately 45 years (Laws, 1968), and it is

possible that a similar maximum age was attained by desmo-
stylians. The following logic is based on this possibility.

Data on growth, size, aging, and tooth eruption and wear were
presented by Laws (1968) for a large sample of hippos, which he

divided into 20 age-groups, based primarily on mandibular and
dental changes during ontogeny. The various stages of develop-

ment and eruption of the third molar were also important in his

recognition of these various age-groups.

The holotypes of all named species of paleoparadoxiids include

the mandible. Therefore, approximations of their relative

ontogenetic ages can be made using the information from
mandibles and states of third molar eruption that is available

for hippos.

Based on its stage of tooth eruption, the holotype of N.

cecilialina is most similar to Group VIII, which Laws (1968:table

1) recognized for young hippos that are about 1 1 ± 2 years old,

which, like the holotype of N. cecilialuia, have their pl-4 and

m1-2 fully erupted and showing some occlusal wear and the m3s
formed but still unerupted, situated deep within their crypts. The
mandibular (= dentary) lengths of the hippos in Laws’s Group
VIII range from 454 to 516 mm, with a median length of 485 mm.
Laws’s data showed that the lengths of the mandibles of these

young hippos in Group VIII on average would have increased by

approximately 1 1 .8% by the time they had become elderly (but

not senile) adults, animals that Laws referred to Group XVIII.

Animals in Group XVIII, which were approximately 38 ± 4 years

old, had mandibles ranging from 510 to 574 mmlong, with a

mean mandibular length of approximately 542 mm for the

sample.

The dentary of the juvenile holotype of N. cecilialina is 418 mm
long (Table 4). Using the 1 1.8% increase in mandibular lengths,

calculated above, from similarly young (Group VIII) to adult

(Group XVIII) living hippos, it is estimated that mandibles of

adults of N. cecilialina might have ultimately grown to be

approximately 467 mmlong.

Based on its preserved dental and mandibular features, the

holotype specimen of Middle Miocene N. repenningi appears to

have reached an ontogenetic age similar to that of the hippos that

made up Laws’s Group XVIII. As noted above. Group XVIII

included individuals that were fully adult but not senile, were

approximately 38 ± 4 years old, and, like the holotype of N.

repenningi, had not yet shed teeth or begun to show mandibular

bone resorption.

Although the holotype skeleton of N. cecilialina represents the

ontogenetically youngest known paleoparado.xiid, the individual
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Figure 13 Neoparadoxia cecHiidiua^ new genus and new species, hypothetical in-life reconstruction of a juvenile individual in left lateral view, in

swimming posture, based on a reversed image of the right side of the nearly complete holotype skeleton, LACM 150150, as shown in Figure 10.

Estimated total body length, as restored, is 2.44 m. Artwork by Doyle V. Trankina

was larger, with a curvilinear body length of 2.44 m, than the old

adult holotype of N. repeniwigi, with a straight body length of

approximately 2.2 m. Based on the directly comparable cranium,

mandible, and limb btmes, the juvenile holotype specimen of N.

cecilidlitm is larger than the ontogenetically more mature

subadult (Clark, 1991) holotype skeleton of latest Oligocene A.

weltoni. It is also larger (Table 4) than the more mature juvenile

neotype skeleton of late early Miocene P. tabatai^ which, in

contrast, shows a more advanced stage of canine eruption and

nearly full eruption of M3 and m3. Thus, adult individuals of N.

cecilialiua would have been larger than adults of both A. weltoni

and P. tabatai.

As mounted in the Natural History Museum of Los Angeles

County, the approximate curvilinear body length of the holotype

skeleton of N. cecilialina is 2.44 m from the tip of its snout to the

end of its tail (tail length being approximate because some caudal

vertebrae are missing). If, during maturation, the body lengths of

adult individuals of the species increased in proportion to the

estimated 11.8% increase in their mandibular lengths, then

adults may have attained body lengths of approximately 2.73 m
(see Character 1 in “Phylogenetic Analysis”).

In summary, the size comparisons made with all previously

named species of paleoparadoxiids (Table 1) indicate that adults

of N. cecilialina were larger than those of A. weltoni, P. tabatai,

and N. repenningi. Neoparadoxia repenningi had a relatively

larger head than N. cecilialina (compare Figs. 12, 13). Although

no cranium has been discovered for N. repenningi, its mandibular

length can be directly compared with that of N. cecilialina. The
dentary of the fully adult holotype specimen of N. repenningi is

514 mmlong (Table 4), representing approximately 23% of its

body length (2.2 m). The dentary of the juvenile holotype of N.

cecilialina is 418 mmlong, representing approximately 17% of

its body length (2.44 m).

Sexual dimorphism has been interpreted (Hasegawa et ah,

1995) to occur within a sample of adult specimens from Japan

that has been referred to P. tabatai. Compared to the supposed ii

males, the supposed females of this species had smaller sagittal

and nuchal crests, more slender zygomatic arches, and smaller
i

teeth, including smaller canines. Living hippos are also sexually
]

dimorphic. They begin to show dimorphism in their canines and
j

incisors within the group of juveniles that Laws (1968) assigned
‘

to Group VII, individuals that were age 8 ± 2 years. Hippos in
|

this age-group appear to be only slightly less mature (younger
|

ontogenetically) than the holotype of N. cecilialina. Inasmuch as

N. cecilialina is known by only one specimen, an individual in
j

which the canines had not fully erupted, it is not yet possible to
|

determine the sex of the individual. Compared to the more fully

erupted canines of ontogenetically younger hippos and of the
j

ontogenetically older neotype of P. tabatai, it appears that canine
|

eruption in N. cecilialina was delayed. ?

DESCRIPTION. Cranium. The holotype cranium of N. cecilia-
|

Una (Figs. 14, 15) is somewhat longer and much wider and more I

massive than that of the ontogenetically older neotype of P. tabatai,

and it is much larger than that of the young adult holotype of A.

weltoni. No cranial comparisons are possible with N. repenningi, the
\

only known skeleton of which, the holotype, lacks the cranium. The

cranium of N. cecilialina differs from those of both A. weltoni and P.

tabatai by being proportionally wider and by having zygomatic

arches that bow farther laterally (Fig. 16), a more massive and wider

anterior rostral extremity, a larger external naris, larger orbits that are

positioned more dorsally on the cranium, and a wider braincase with

more prominent crests and tuberosities.
j

The rostrum comprises approximately one-half of the total

cranial length, and it is flattened dorsoventrally, expanded

transversely, and ventrally turned anteriorly. The incisors are

deeply rooted in the rostrum, and, as they emerge from their ji

alveoli, form an arc that is continuous with the anteroventrally S

directed curvature of the anterior end of the rostrum. i

Premaxillae form most of the dorsal surface of the rostrum. On
the left side of the cranium the premaxillary-maxillary suture is
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clearly visible as it extends along the anterior side of the canine

alveolus. This suture is in a broken area on the right side of

the cranium, and there it is not so clearly discernible. The
premaxillae are not fused to each other at any place along the

midline of the cranium. The premaxillae form a broad shelf

anterior to the naris, and at the anterior edge of the naris they are

elevated at the midline suture to form a small tubercle. At the

same location in P. tabatai, there is in contrast a cleft or

depression rather than a tubercle. The dorsal surfaces of

premaxillae on either side of the naris are transversely thick

and are arced transversely. They form thick and elevated borders

of the naris and become progressively wider posteriorly. The
premaxillae terminate medial to the location where the zygomatic

arch joins the cranium at the anterior side of the orbit. On the

right side of the cranium, still unfused sutures clearly indicate

that the premaxilla terminates posteriorly in a transversely

aligned, interdigitating suture with the frontal. This suture is

also present but less clearly visible on the left side of the holotype.

The posterolateral side of the premaxilla has a curved suture with

the maxilla, which has a posteromedial extension toward the

frontal that meets the premaxilla.

The external naris is proportionally larger and transversely

wider, especially so in its posterior part, than it is in either P.

tabatai or A. weltoni (see Character 3 in “Phylogenetic

Analysis”). In N. cecilialina, the narial opening is transversely

expanded so as to be at least 1.5 times the width that it is in

P. tabatai (see Figs. 14A, 15A, 16). The vomer bone occupies

approximately the middle one-third of the floor of the naris, and

the dorsal surface of the vomer forms an elongate and deep

trough, almost as it does in a cetacean. At the anterior end of the

vomer, a fissure that connects to the palate undoubtedly

represents the joined incisive foramina (which in the primitive

condition would have been separate). In P. tabatai, the exposure

of the vomer on the floor of the naris is not so extensive. In N.

cecilialina, each premaxilla, within the floor of the naris on either

side of the vomer, forms a nearly horizontal shelf that is

continuous with the floor of a large fossa excavated into the

medial side of the premaxilla forming the lateral wall of the naris.

Both the shelf and the fossa are present in P. tabatai, but they are

much smaller.

Both nasal bones are complete on the holotype of N.

cecilialina; their anterior margins and lateral sutures with the

premaxillae can be clearly discerned. Because of considerable

breakage in the interorbital part of the holotype cranium,

however, their posterior ends are difficult to determine. The
posterior ends of the nasals terminate at a point approximately

between the centers of the orbits, at a break that traverses the

holotype cranium at the posterior ends of the maxillae. This

landmark yields the estimated length of the nasals (measured on
the right side) of 98 mm that is listed in Table 3 (and see

Character 4 in “Phylogenetic Analysis”).

The nasals are transversely wider and anteroposteriorly shorter

than in any other desmostylian (Characters 4 and 5 in

“Phylogenetic Analysis”). Their anterior ends are approximately
30 mmanterior to the place where the anterior surface of the

zygomatic arch joins the side of the rostrum, but in P. tabatai the

anterior ends of the nasal bones are approximately 57 mm
anterior to the same point. The nasal bones of N. cecilialina are

flattened dorsoventrally, being less than 2 mmthick at their

anterior ends. Each nasal bone has a triangular anterior margin
that extends over the naris and an anterolateral process appressed

to the medial side of the adjacent premaxilla on the lateral

margin of the naris. Combined, the two nasal bones form a wide
W-shaped margin at the posterior edge of the naris. The lateral

margins of the nasals converge medially progressing posteriorly.
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Despite breakage at their posterior ends, the right nasal is more
complete than the left, and it appears that its posterior end

extends farther posteriorly than does the adjacent maxilla. The
nasal does not appear to have a projection into the frontal but to

have instead a broad, curved suture with that bone. The nasal

bones are depressed, forming a basin posterior to the naris. This

is a derived character state and contrasts with the convex or

elevated surfaces of the nasals in P. tabatai and other

desmostylians. The nasal bones are damaged at their anterior

ends on the neotype cranium of P. tabatai, but it is clear that

compared to N. cecilialina, they are narrower transversely,

especially narrower anteriorly, longer anteroposteriorly, and

widest posteriorly. In contrast, the nasal bones of N. cecilialina

are widest at their anterior ends.

The maxillae are relatively small components of the rostrum.

Only small areas of the maxillae are visible in the dorsal view of

the cranium because on the side of the rostrum, most of the

maxilla is retracted medial to the lateral margin of the

premaxilla. The canine is rooted in the maxilla because the

premaxilla/maxilla suture is on the anterior side of the partly

erupted canine. The maxilla forms the vertical side of the

rostrum in the large edentulous space between the canine and

the P3. The maxilla appears on the dorsal surface of the cranium

in a small area where, as mentioned above, it extends medial to

the posterior end of the premaxilla and contacts much of the

lateral margin of the nasal. The maxilla also abuts the lachrymal

bone at the anterior side of the orbit and extends ventrally to

meet the jugal bone, where the root of the zygomatic arch

departs the side of the cranium. In this area is the large

infraorbital foramen, which is oval, and on the left side

measures approximately 18 mmdorsoventrally and 14 mm
transversely; it is slightly smaller in diameter on the right side.

Compared to A. weltoni and P. tabatai, the infraorbital foramen

is larger in diameter.

The frontal bones form most of the dorsal surface of the mid-

part of the cranium between the orbits, but several breaks in

the frontals make determining their borders problematic. The
midline suture between the right and left frontals remains open
(unfused) and is irregular. The posterior end of each nasal, as

mentioned previously, appears to have a broad, curved suture

with the corresponding frontal. The frontal extends anterolat-

erally around the posterior end of the nasal to meet the maxilla

in a suture that extends toward the anterior margin of the orbit,

where it contacts the lachrymal bone. A major feature of the

frontal bone is the anterolaterally projecting, relatively large,

and elevated supraorbital process. The supraorbital process is

relatively larger, wider anteroposteriorly, thicker dorsoventrally,

and more elevated (Character 6 in “Phylogenetic Analysis”) and
extends farther laterally than in any other desmostylian. The
edge of each supraorbital process is thickened dorsoventrally

and rounded. An antorbital process is present where the frontal

abuts the lachrymal bone. A relatively large and ventrally

descending postorbital process is much larger than the same
structure in P. tabatai. The lateral margin of the supraorbital

process extends laterally beyond the lateral surface of the

zygomatic arch (Character 7 in “Phylogenetic Analysis”). The
dorsal surface of the frontal bone in the medial part of each

supraorbital process is smooth and dense, but laterally, toward

the orbital margins, the bone is porous, and the similarly porous

interior of this bone can be seen in a broken area on the right

supraorbital process.

Several nutrient foramina on the dorsal surface of each

supraorbital process are continuous with prominent sulci that

extend anterolaterally in a radiating pattern. There are ten of

these foramina, clearly preserved, on the left frontal of the
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holotype, three of which are small, the others being approxi-

mately 1 mmin diameter. The dorsal surface of the right frontal

is cracked, and, while the foramina and their associated sulci

appear to have been similar in size to those on the left side, their

numbers are not determinable. In A. weltoni and P. tabatai, only

a few small foramina are present in the same location, and they

are not continuous with sulci. Similar small foramina, with sulci,

are present on the frontals of Desmostylus hesperns Marsh, 1888
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Figures 14, 15 Neoparadoxia cecilialina, new genus and new species, holotype cranium, LACM 150150, from locality LACM7506, Monterey
Formation, Laguna Niguel, Orange County, California, USA; A, dorsal view; B, left lateral view; C, ventral view. The left upper cheek teeth (P3-4, Mi-
ll have been placed in their correct alveoli; M3 is not visible because it is deep within the crypt and has not yet erupted. The right upper cheek teeth were
preserved but have been omitted from these images to reveal the morphology of their alveoli.
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Figure 16 Comparisons of crania of two species of Paleoparadoxiidae in dorsal views; A, Neoparadoxia cecilialina^ new genus and new species,

holotype, LACM150150; B, Paleoparadoxia tahatai (Tokunaga, 1939) neotype, NSM-PV5601. Reduced to same condylobasal lengths.
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(see VanderHoof, 1937;fig. 9). On the holotype of N. cecilialina,

in the posterior part of each frontal there is a single foramen that

opens in an anterolateral direction. Each frontal has a medial

process that extends posteriorly between the parietals, wedging

between them as far posteriorly as the intertemporal area. The
sutures between the frontals and parietals are very irregular,

especially so at the midline of the cranium, where each parietal

has a small process extending into the adjacent frontal. The
medial part of the interorbital area, posterior to the nasal bones, is

I depressed, in contrast to this area being elevated in A. weltoni, P.

tabatai, and the primitive desmostylid Cornwallius sookensis (see

I
Beatty, 2009:905, fig. 5) (and see Character 8 in “Phylogenetic

Analysis”).

The orbits are relatively large and are both relatively and

absolutely larger than those of both A. weltoni and P. tabatai.

The orbit is almost entirely encircled by thick bone: the thickened

lateral margin of the supraorbital process with the enlarged

antorbital process and the descending postorbital process, the

postorbital process of the jugal that extends dorsally toward the

postorbital process of the frontal, and the thickened and laterally

flaring jugal in the anterior part of the zygomatic arch.

The temporal fossae are very large and, compared with those

of A. weltoni and P. tabatai, are not only relatively larger but also

proportionally wider transversely. The parietal bone occupies

approximately one-third of the floor of each squamosal fossa and
is more extensive on the lateral wall of the brain case than in either

A. weltoni or P. tabatai. An anterior projection of the parietal

extends anterolaterally onto the posterior edge of the supraorbital

process of the frontal. The ventral edge of the parietal meets the

squamosal in a dorsally curved, interdigitating suture. The right

and left parietals do not mxcet at the dorsal midline but are

separated by a deep fissure, at the bottom of which is visible the

frontal bone. A fissure between the parietals also exists in the

cranium of A. weltoni and in crania assigned to P. tabatai (see

Hasegawa et ah, 1995), and it does not appear to be a juvenile

character. Because of the presence of this fissure, there is no true

sagittal crest. Instead, because the parietals are elevated along their

dorsal margins, there are parasagittal crests. These crests in

N. cecilialina are not as widely separated as they are on the

neotype of P. tabatai, but they are distinct. The parasagittal crests

of N. cecilialina are asymmetrical; they curve to the left side, and
this curvature is anatomical, not the result of geologic distortion.

The dorsal margins of the parietals that border the parasagittal

crests are composed of two laminae of bone, separated by a

narrow cleft that extends along the lateral side of each parasagittal

crest and continues posterolaterally, paralleling the contour of the

nuchal crest. Such a cleft is not present in the parietal on the

neotype of P. tabatai, and its presence on the holotype of N.
cecilialina is probably a juvenile feature.

The parietals diverge posteriorly, where they are separated by
a triangular wedge of the occipital bone that has a central

depression. This bone is part of the supraoccipital, and thus there

is not a separate interparietal bone.

The squamosal bone floors most of the posterior part of each
temporal fossa and in this area is perforated by five or six

foramina that communicate with the epitympanic sinus (sinus

epitympantcus; see VanderHoof, 1937:178; Inuzuka, 2000b:108,
110). These foramina, which are asymmetrical between the two
sides of the holotype, are as follows. The postzygomatic foramen
is located immediately posterior to the anterior edge of the

squamosal fossa, passes through the squamosal, and appears
on its lateral side dorsal to the glenoid fossa (described by
VanderHoof, 1937:178, in D. hesperus and shown on his figs. 9

and 11 as Fpz but not on his fig. 10 as he stated on p. 178 and not
listed in the caption for fig. 9 on p. 218; and see Inuzuka,
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2000b:fig. 13 [Fpz]). In the right squamosal of the holotype of

N. cecilialina, there is a single round postzygomatic foramen

approximately 8 mmin diameter. In the left squamosal is a

larger, oval postzygomatic foramen, having a maximum trans-

verse diameter of 18 mm. On either side of the cranium, the

foramen emerges on the lateral side of the squamosal dorsal to

the lateral aperture of the epitympanic sinus.

The anterior squamosal foramen is located in the center of the

squamosal fossa. This foramen was identified on the cranium

(USNM 8191) of D. besperus from the Astoria Formation in

Oregon, USA, by VanderHoof ( 1937:fig. 9) as Fasq, and it is

listed in the caption for this figure on page 218 in VanderHoof’s

paper but was not discussed in the text. In the right squamosal

of the holotype of N. cecilialina, the homologue of this foramen

has three apertures: the largest is bilobed and measures

approximately 21 mmtransversely and immediately posterior to

this a smaller and more circular foramen that measures 10 mmin

diameter. These foramina open vertically into the squamosal bone.

In the left squamosal, this foramen has two apertures rather than

three. The smaller anterior aperture is round and measures 5 mm
in diameter, and posterior to this, separated by 9 mmof bone, is a

larger circular foramen that measures 9 mmin diameter. The
foramina on the left side face laterally rather than opening

vertically into the squamosal, as they do on the right side of the

cranium.

The posterior squamosal foramen is located in the posterior part

of the squamosal fossa near the posterior margin of the squamosal

bone (identified on the cranium of D. besperus, USNM8191, by

VanderHoof, 1937:fig. 9, as Fpsq, and listed in the caption for this

figure on p. 218 but not discussed in the text). In the right

squamosal of the holotype of N. cecilialina, the homologue of this

foramen apparently has three apertures, the largest being medially

located and measuring 12 mmin diameter, the second being more
laterally located and measuring 7 mmin diameter, and the third

lateral to this one and near the suture with the occipital and
measuring 5 mm in diameter. These foramina emerge in a

posterodorsally facing direction from the surface of the squamosal

bone. In the left squamosal, this foramen also has three apertures,

the smaller medial one being round and measuring 6 mmin

diameter; the one lateral to this being much larger (the largest of

these foramina in the squamosals), oval, and measuring 25 mmin

diameter; and, lateral to this, a smaller, circular foramen

measuring 7 mmin diameter and facing laterally.

These foramina in the squamosals are larger and more
numerous in N. cecilialina than they are in any other reported

desmostylian cranium. In the cranium of D. besperus, USNM
8191, all of the foramina have single, nearly circular apertures,

the postzygomatic foramen being the largest and the posterior

squamosal foramen the smallest (VanderHoof, 1937:fig. 9). In

the holotype of the primitive paleoparadoxiid B. katsuiei, the

postzygomatic foramen and the anterior squamosal foramen are

small and have single apertures (Inuzuka, 2000b:fig. 13); the

posterior squamosal foramen was not preserved.

The zygomatic process of the squamosal of N. cecilialina is

elongate as in P. tabatai, comparatively slender, and compressed

transversely and extends anteriorly nearly as far as the level of the

postorbital process of the frontal. Its anterior end is deeper

dorsoventrally than in P. tabatai, and in this respect it is more
like that of B. katsuiei (see Inuzuka, 2000b:fig. 14). The jugal on

the ventral surface of the zygomatic process of the squamosal is

retracted anteriorly and does not reach the anterolateral corner of

the glenoid fossa (see Character 9 in “Phylogenetic Analysis”).

Compared to A. weltoni and P. tabatai, the ventral margin of

the orbit formed by the maxillary root of the zygomatic process

flares farther laterally, the ventral edge of the jugal at the anterior
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end of the zygomatic arch is larger and flares farther laterally,

and the zygomatic arch of the jugal beneath the orbit is deeper

dorsoventrally and flares farther laterally. The glenoid fossa of

the squamosal (which receives the mandibular condyle) is

absolutely and proportionally larger than that of P. tabatai.

The occipital shield is larger, wider, and more vertically

oriented than that of F. tabatai. On the holotype of N.

cecilialina, the components of the occipital shield remained

unfused, and the open sutures between the exoccipital bones and

the supraoccipital bone are raised and prominent. The supraoc-

cipital has a median sagittal crest that is most prominent in its

dorsal part. On either side of the supraoccipital, near the suture

with the exoccipital, there is a large tuberosity (marking the area

of neck muscle insertion). Directly dorsal to the foramen magnum
is a deep fissure on the midline of the supraoccipital, traversing

between the supraoccipital and the exoccipitals. All of these

features are also present in P. tabatai, but in that species they are

less pronounced. The occipital condyles are relatively larger than

those of P. tabatai, are splayed more laterally, have sharper

margins, are more distinctly set off from the occipital bone by

surrounding fossae, and are separated ventrally by a relatively

narrower intercondylar notch. Compared to both A. weltoni and
P. tabatai, the lateral part of the exoccipital is wider, and the

paroccipital process is proportionally larger, thicker anteroposte-

riorly, and wider transversely, and it has a fossa on its anterior

surface.

As in P. tabatai and D. hesperus (see VanderHoof, 1937:fig.

12), the mastoid bone is exposed on the occipital shield, visible as

a triangular area between the lateral part of the supraoccipital

and the exoccipital. The mastoid is best preserved on the right

side of the holotype of N. cecilialina. The mastoid foramen,

which is very large in D. hesperus (see VanderHoof, 1937:fig. 12,

where it was identified as the occipital foramen, Focc) and is

present in B. katsuiei (see Inuzuka, 2000b:fig. 13), is much
reduced in N. cecilialina (as it is also in P. tabatai-, see Clark,

1991:497) and is located at the medial side of the occipital

exposure of the mastoid bone, near its suture with the

supraoccipital, rather than being large and more centrally located

in the mastoid bone, as it is in D. hesperus.

Proportions of the basicranium of N. cecilialina that differ

from P. tabatai are as follows: larger and more laterally flaring

paroccipital processes, more prominent pharyngeal tubercles,

larger internal choanae, and larger and more massive hamular
processes of the pterygoids. The suture between the basioccipital

and the basisphenoid is open, allowing offset to occur between
these two bones. The petrosal is relatively large and rugose, and
has an elongate tube that extends ventrolaterally, is appressed to

the anterior side of the paroccipital process, and underlies the

external acoustic meatus. The cochlear portion of the petrosal lies

medial to the glenoid fossa. The relatively large foramen ovale

lies at the anterior side of the petrosal, and the median lacerate

foramen is posteromedial to the foramen ovale. A large cranial

hiatus separates the medial side of the petrosal from the margin
of the basioccipital. At the posterior side of the petrosal is the
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large posterior lacerate foramen, measuring approximately

14 mmin diameter. The hypoglossal foramen is located anterior

to the center of each occipital condyle, faces ventrolaterally, and

is relatively large (approximately 14 mmin diameter).

The anterior part of the palate is relatively flat, not as arched

transversely as it is in P. tabatai, and relatively wider than in

that species. Premaxillae form approximately the anterior one-

fourth of the palate. A single large incisive foramen on the

midline suture between the right and left premaxillae commu-
nicates with the dorsal naris. The suture between each

premaxilla and the corresponding maxilla extends from imme-
diately anterior to the canine alveolus posteriorly on the palate,

then curves anteromedially toward the posterolateral side of the

incisive foramen. Anterolateral to the incisive foramen, there is

in each premaxilla a small, circular nutrient foramen. The larger

one on the left is approximately 3 mmin diameter, and the one

on the right is approximately 2 mmin diameter. On either side

of the incisive foramen, the surface of the premaxilla is concave

and rugose.

Posterolateral to the incisive foramen, in each maxilla near the

suture between the premaxilla and maxilla, there is a single

anterior palatine foramen. Each of these foramina has an

aperture approximately 2 mmin diameter that faces anteriorly,

opening into a wide sulcus. On the holotype of A. weltoni, much
farther posteriorly on the palate, located medial to the P3

alveolus, there is a foramen that Clark (1991:fig. 3D) identified

as the anterior palatine foramen (“FAP”). That foramen is not

the same structure that I identify here as the anterior palatine

foramen but is an aperture of the posterior palatine foramen.

On the holotype of N. cecilialina, the suture between the right

and left maxillae is irregular and forms a slight ridge extending

most of the length of the palate. On each side of the palate, in

the large diastema between the canine and the premolars, the

maxillary bone is raised, forming an irregularly rugose and
striated crest that possibly supported a masticating ridge in life.

On the neotype cranium of P. tabatai, a similar bony crest of the

maxilla is also present, but in that specimen the crest is much less

prominent. Neoparadoxia cecilialina has a large (9-mm-diame-

ter) posterior palatine foramen, located medial to the P3, which is

continuous with a prominent anteriorly directed sulcus that is on

the medial side of the crest on the maxilla. The right foramen is

single, but on the left side of the palate there is a smaller (4-mm-
diameter) secondary aperture of the posterior lacerate foramen

located posteromedial to the primary aperture. The holotype of

A. weltoni likewise has on the left side of the palate two apertures

of the posterior palatine foramen, the anterior one being the

larger and being continuous with a sulcus that extends anteriorly

medial to the crest of the maxillary bone that marks the border of

the palate. The presence of these two apertures in the maxilla and

the absence of the anterior part of the palate caused Clark

(1991:fig. 3D) to incorrectly identify the anterior aperture as the

anterior palatine foramen and the posterior one as the posterior

palatine foramen. The holotype of N. cecilialina demonstrates

that the anterior palatine foramen is actually located much

Figure 17 Left upper cheek teeth and cusp homologies of the left M2 of species of Paleoparadoxiidae; A, Paleoparadoxia tabatai (Tokunaga, 1 939),

neotype, NSM-PV5601, left P3-M3; B, Neoparadoxia cecilialina, new genus and new species, holotype, LACM150150, left P3-M2, and crypt with

unerupted M3; C-G, left M2s of five species of Paleoparadoxiidae; C, Behemotops katsuiei Inuzuka, 2000b, holotype, AMP22; D, Archaeoparadoxia
weltoni (Clark, 1991), holotype, UCMP1 14285; E, P. tabatai (Tokunaga, 1939), neotype, NSM-PV 5601; F, Paleoparadoxiidae, genus and species

undetermined, LACM2841 1, from stratigraphically near the ‘‘‘'Merychippus Zone” (of Merriam, 1915) in the middle middle Miocene Temblor
Formation at Monocline Ridge, near Coalinga, Fresno County, California, USA; G, N. cecilialina, new genus and new species, holotype, LACM150150,
from LACM locality 7506; all are occlusal views with anterior toward the top of the page and labial toward the right side; Abbreviations: PA =
paracone, PL = paraconule (= protoconule), ME= metacone, PR = protocone, HY = hypocone, ML = metaconule. Not to scale. C modified from
Inuzuka (2000b:fig. 18-1) reversed from the right side; D modified from Clark ( 1991:fig. 5C; E photographed from a replica.
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Figures 18, 19 Neoparadoxia cecilialina, new genus and new species, holotype right dentary, LACM150150, from locality LACM7506, Monterey

Formation, Laguna Niguel, Orange County, California, USA; A, lateral view; B, occlusal view; C, medial view. All teeth present except p3, the alveolus

of which is empty; m3 present in its alveolus but unerupted.
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Figure 20 Neoparadoxia ceciliiilimi, new genus and new species, holotype left dentary, LACM150150, radiograph showing roots of premolars and

molars within dentary and identifications of teeth and of the alveolus of the missing p3.

farther anterior on the palate, as described above. Therefore, in

both N. cecilialma and A. weltoni, the primary aperture of the

posterior palatine foramen is located medial to the P3 (Clark,

(1991:figs. 3C-D). In contrast, in P. tabatai, the entire posterior

palatine foramen is located more anteriorly, being anteromedial

to the P3.

The maxilla meets the palatine bone posteriorly at a nearly

straight transverse suture in the midpart of the palate, located on

a line between the alveoli for the Ml, and no processes of either

bone penetrate into the other. The maxilla then extends

posteriorly around the lateral side of the palatine to encompass

the alveoli of M2-3, and the maxilla meets the pterygoid strut

along the posterolateral border of the palate. In the posterior part

of the maxilla, posteromedial to the M3 alveolus, there is a large

vacuity on each side, and it is larger on the right side.

In the posterior part of the palate of N. cecilialina, the palatine

bones are wide, relatively flat, and featureless. There are two
small centrally placed nutrient foramina in each palatine bone.

One is near the maxillary-palatine suture, and the other is

located more medial to that one. The palatines descend rather

abruptly posteriorly to merge with the pterygoid hamulae of the

pterygoids. The cleft at the basion at the posterior end of the

palate between the palatines forms a wide V shape with a slight

notch anteriorly. The lateral margin of each palatine has a sharp

edge where it continues posteriorly to join the pterygoid hamulus.

Upper Dentition. Five of the six upper incisors and both

canines are m place in the cranium, but the left 13 has fallen out

and has been lost. All of the erupted premolars and molars had

fallen out of their alveoli, but the right P3, P4, MI, and M2 and

the left P3, P4, and M2 were recovered and identified. Both M3s
are unerupted, remaining deep within their crypts.

Compared to those of P. tabatai, the crowns of the upper

incisors are more recurved posteriorly, more flattened dorsoven-

trally, and more expanded transversely. The upper canines had

only begun to erupt; the tips of their fully preserved and enamel-

capped crowns are only at the rims of their alveoli (Figs. 14, 15).

The fact that neither M3 had erupted, their rootless crowns

formed but still within in their crypts (Fig. 14C), indicates that

the eruption of these teeth probably was ontogenetically delayed.

These unerupted teeth contrast with the considerably worn
occlusal surfaces of the fully erupted upper and lower premolars

and molars (P3-4, Ml-2, and p4, ml-2). Such heavy wear on the

teeth of this young animal may indicate that its food contained

considerable abrasive material. The Ml and ml are heavily

worn, indicating that these teeth erupted considerably earlier

than did the second molars. Delayed eruption of the M3 could

have been a mechanism for prolonging the functional life of its

dentition.

II. Both the right and the left first upper incisors are worn
apically. These are the shortest of the incisors. They are close

together, located adjacent to the medial sutural margins of the

premaxillae; only a thin bony alveolar wall separates the right

and left incisors, and they are separated by a gap of

approximately 7 mmthat appears to be real morphology. The

crown is extremely flat labiolingually (7 mmthick) and greatly

expanded transversely (21 mmwide). This is the most flattened

of any II of a known paleoparadoxiid. The II of the neotype of

P. tabatai is not known, but, judging by its alveolus (see Taru,

2000:fig. 2), its root was not nearly as flattened labiolingually as

it is in N. cecilialina. The 1 1 has a long root that extends deep into

the premaxilla and forms a continuous arc with the crown of the

tooth. At its apex, the crown is thus nearly vertically oriented.

The wear surface on the apex of the crown is blunt and arced

transversely. The enamel is smooth and thin (approximately less

than f mmthick). The enamel margin is irregular on the labial

face of the crown and extends proximally on the root at the
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lateral side of the labial surface; this is preserved on the left II but

broken on the right II. There is a slight sulcus extending the

length of the tooth (including crown and root) on the lateral part

of the labial surface and a slight crest extending the length of the

tooth on the medial part of the lingual surface. There is also a

slight fold extending the length of the tooth on the medial part of

the lingual surface.

12. Both the right and the left second incisors are complete,

except for apical wear and some breakage on the crown of the

left 12. These are larger than the II. They are located

approximately equidistant between the II and the 13 but are

slightly different in their orientations. This variation seems to be

true morphology, not the result of geologic distortion. The right

12 projects ventrolaterally from the sagittal plane, and its alveolus

is separated by 9 mmfrom the adjacent II. The crown of the left

12, in contrast, is more vertically oriented, and its alveolus is

separated by 4 mmfrom that of the II. As with the II, the 12

crown is also extremely flat labiolingually, that of the more
complete right 12 being 7 mmthick and even more expanded
transversely than the II (24 mmwide) but remains parallel sided.

Neoparadoxia cecilialina is the only paleoparadoxiid known to

have such an extremely flattened 12. Those of A. weltoni and
P. tahatai are more oval in cross section and more caniniform in

their overall shapes (see Tam, 2000:fig. 2), not flattened as in N.

cecilialina. A loose lower incisor of the holotype of N. repenningi

(see Inuzuka, 2005:figs. 1:7-8) that is possibly an i2 is also

flattened labiolingually but not nearly to the same extent as are

any of the upper incisors of N. cecilialina. The 12 has a long root

that extends deep into the premaxilla, and the root forms a

continuous arc with the crown of the tooth. Because of this arc,

the crown is nearly vertically oriented and slightly recurved. The
wear surface on the apex of the crown is relatively severe, the

enamel having been removed, and the apex of the crown is blunt

and arced transversely. The enamel is smooth and thin, less than

approximately 1 mmthick. The enamel margin is irregular on the

labial face of the crown and extends proximally on the root at the

lateral side of the labial surface; this is preserved on the right 12 but

is broken on the left 12. There is a slight sulcus extending the length

of the tooth on the middle part of the labial surface and a slight

sulcus extending the length of the tooth (both the crown and the

root) in the medial part of the lingual surface. There is also a slight

furrow extending the length of the tooth on the lateral part of the

lingual surface and a slight crest extending the length of the mid-

part of the tooth on its lingual side. The crowns of the four incisors

(the right and left 11-2) are transversely aligned.

13. The 13 is present only on the right side. This incisor is

rooted in the lateral part of the premaxilla, immediately anterior

Figure 21 Comparisons of right dentaries of five species of Paleopar-

adoxiidae in medial views showing differences in inclinations of the

mandibular symphyses and concomitant progressively more horizontal

orientations of the canines and lower incisors in the later and more
derived species; A, Neoparadoxia cecilialina, new genus and new species,

holotype, LACM 150150; B, Neoparadoxia repenningi (Domning and

Barnes, 2007), new combination, holotype, UCMP81302; C, Paleopar-

adoxia tabatai (Tokunaga, 1939), neotype, NSM-PV 5601; D, Archae-

oparadoxia weltoni (Clark, 1991 ), new combination, holotype, UCMP
114285; E, Behemotops proteus Domning, Ray, and McKenna, 1986,

composite from various specimens. Not to scale, reduced to the same
dentary lengths. All images except for A reversed from the left side; B-D
modified from Panofsky (1998:figs. 46, 48a, 49), and Domning and

Barnes (2007:fig. 2); E modified from Ray et al. (1994:fig. 13) and Barnes

and Goedert (1996;fig. 4).
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to the premaxilla-maxilla suture. The crown is caniniform,

somewhat flattened labiolingually, but the root is ovoid in cross

section, resembling the 13 of P. tabatai. The 13 splays outward,

and its crown curves ventrally, and thus the right and left I3s are

not part of the transverse array formed by the medial four

incisors. The 13 alveolus is separated by 1 1 mmfrom the adjacent

alveolus for the 12. The crown of 13 was originally covered by

smooth enamel but has suffered severe wear on its apex and

labial surface so that only a small patch of enamel remains on the

lateral part of the labial surface of its crown. The enamel is

smooth and thin, approximately less than 1 mmthick. The crown
and the root have a bulge extending their full length on the

middle of the lingual surface and a crest on both the medial and

the lateral edges.

Canine. Both canines are unerupted, their crowns extending

only approximately 6 mmbeyond the alveolar rims. The canines

are rooted in maxillary bone, so their alveoli are located posterior

to the premaxillary-maxillary suture. The crown is directed

anteriorly and slightly ventrally, but the lateral surface of the

right canine crown bows laterally, so the tip of that crown curves

slightly medially. There is absolutely no apical wear on either

canine crown, so these teeth certainly were not exposed beyond

the gums at the time of death of the individual. The unworn
crown is blunt, not pointed. The crown has a small carina on

both its anterior and its posterior edges. The enamel is slightly

corrugated but not striated. The 37-mm crown height shown in

Table 4 is measurable on the right canine, where the enamel

margin is not particularly distinct and grades into the dentine of

the root. The extent of the bulge in the lateral side of the right

maxilla enclosing the canine indicates that the total length of the

canine, from the tip of the crown to the base of its root, was
approximately 85 mm.

Upper Premolars. Species of Paleoparadoxia and Neopara-

doxta do not have a PI. This area of the palate is not preserved in

any specimens of Behemotops, but one specimen (LACM
124106) confirms that this genus had a PI. The neotype of P.

tabatai has a small alveolus for a tiny P2, but this tooth was
definitely not present in N. cecilialina (see Character 12 in

“Phylogenetic Analysis”).

P3. Both the right and the left P3s were recovered. These teeth

are not bilaterally symmetrical; the right P3 is slightly larger than

the left, its crown is relatively wider transversely (16 mmin

transverse width compared to 14 mm), and its enamel is more
coarsely ornamented, especially on the posterolingual side of the

tooth. There is a moderate amount of apical wear on the apices of

both crowns. The paracone is the largest cusp on the tooth

(Fig. 17B) and occupies much of the labial part of the crown.

Merged with its posterior side is the smaller metacone. This

differs from the structure of the P3 of P. tabatai, on which the

paracone and metacone are separate and distinct cusps and on
which the metacone is similar in size to the paracone. In N.

cecilialiaa, the P3 protocone is much smaller than it is in P.

tabatai and is rather hooklike and curves labially toward the side

of the paracone. The small paraconule (= protoconule of some
writers) that is present in P. tabatai on the anterolingual side of

the crown between the paracone and the protocone is absent in

N. cecilialina. The metaconule that is present in P. tabatai on the

posterior side of the crown between the protocone and the

metacone is merely a small cuspule between the protocone and
metacone in N. cecilialina. A small cuspate cingulum traverses

the posterior side of the crown between the base of the tiny

metaconule and the base of the metacone. The crown has no
other fully formed cingula, but the enamel is rugose and slightly

conve.x elsewhere around the base of the crown. The root is

single, having one large opening at its apex, but it is trilobate in

cross section, which reflects the three roots that are present in '

more primitive taxa. Thus, this now single root is formed from
\

three joined ancestral roots. Its pulp cavity is widely open. There
[

i

is a thin layer of cement on the outside of the root that does not
(

extend apically as far as the margin of the enamel. The root I

curves medially into the palate and bends slightly posteriorly. >

P4. Only one of the P4s was recovered, and it fits correctly into

the left P4 alveolus on the cranium (Fig. 17B), so the lobe of the
j

root that represents the ancestrally separate root dorsal to the
(

protocone is, as would be expected, on the posterolingual part of I

the tooth. This tooth is moderately worn, but its highest cusp, the =

protocone, is unworn and appears to reflect the original i

maximum height of this tooth (Table 4). Compared to the P3 '

of this specimen, the P4 is relatively larger and has larger and 1

’

more separated cusps, more rugose enamel, and deeper vertical 1'

sulci on the roots, reflecting the primitively three-rooted
;

condition. Its cusps are closely appressed, not as separate or as
|

uniformly circular in occlusal view as are those on the same tooth ^

of P. tabatai, and its enamel is rugose. The paracone is slightly
[

expanded anteroposteriorly on the labial side of the tooth, and

this is the only cusp on this tooth with significant wear. It is
|

separated by only a slight valley from the larger metacone
|

posterior to it. The metacone is much larger than its counterpart
j

on the P3. The protocone is also larger on the P4 than it is on the

P3; it is a large, separate, conical cusp that occupies most of the

lingual side of the triangular crown and is the highest cusp on the S

tooth. As in P. tabatai, a smaller paraconule (= protoconule of 1

some authors) lies anterolabial to the protocone and is closely

pressed between it and the paracone. The metaconule, which is

on the posterior side of the crown, located between the protocone :

and the metacone, is a relatively large and distinct cusp. A small,

cuspate cingulum lies on each side of the base of the metaconule.

The crown has no other fully formed cingula, but the enamel is

rugose and slightly convex elsewhere around the base of the

crown. The root is single, having one opening at its apex, but it is

trilobed in cross section, reflecting the three roots that are present

in more primitive taxa. A deep vertical sulcus on the poster- i

olingual side of the root defines the previously separate root that

lies above the protocone. Thus, like that of the P3, this now single

root is formed from three joined roots. Its pulp cavity is open.

There is a thin layer of cement on the outside of the root that

extends apically to the margin of the enamel. The root is nearly i

straight.

Ml. Both the right and the left Mis were recovered. The

crowns of both teeth are severely worn (Fig. 17B), most heavily

on their labial sides, and therefore the cusps are nearly

indistinguishable. Severe and unusual wear is characteristic of

desmostylians, even in young individuals. The crown was ’

approximately quadrangular in occlusal view with one large
j

cusp occupying each quadrant. The paracone is the largest cusp
J

and occupies much of the anterolabial corner of the crown.

Merged with its posterior side is the smaller metacone. The l

protocone is smaller than the paracone and lies lingual to it. A \

hypocone, occupying the posterolingual part of the crown, is the
|

smallest of the four cusps and even in the late stage of wear has

retained its separation from the others. There are no cingula, but

the enamel is rugose and slightly convex on the lingual side around

the base of the crown. The root is single but is trilobate in cross

section, reflecting the three roots that are present in more primitive

taxa. The sulcus on the labial side of the root is quite deep. Thus,

this now single root is formed from three joined roots. Unlike the

more anterior teeth, its pulp cavity is closed. There is a thin layer of

cement on the outside of the root that does not extend apically as

far as the margin of the enamel. The root curves slightly laterally

and anteriorly into the bone of the palate.
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M2. Both the right and the left M2s were recovered. Although

the crowns of both teeth are moderately worn, their cusps are

clearly distinguishable. The two teeth are not bilaterally

symmetrical. In paleoparadoxiids, the M2 is the largest cheek

tooth (Figs. 17A, 17B), being slightly larger than the M3 and

nearly twice the size of the Ml. The M2 of N. cecilialina

(Fig. 17G) has a relatively complex cusp pattern whose homol-

ogies can be deduced by comparison with the M2 of P. tahatai

(Fig. 17E) and an isolated M2 (Fig. 17F), LACM28411, of a

paleoparadoxiid of middle Miocene age from central California.

LACM28411 was collected from the Temblor Formation at

Monocline Ridge near Coalinga, Fresno County, on the west side

of the San Joaquin Valley, central California, USA. It is from

sediments stratigraphically near the ""Merychippus Zone”
(named by Merriam, 1915), which is of middle middle Miocene

age, correlative with the Barstovian North American Land
Mammal Age and approximately 15 million years old (Tedford

et ah, 2004).

The crown of the M2of N. cecilialina is not as quadrangular in

occlusal view as those of B. katsuiei, A. weltoni, and P. tabatai

because the anterolabial corner of this tooth in N. cecilialina is

much more enlarged (Fig. 17). The four primary cusps of the

M2—the paracone, metacone, protocone, and hypocone —are

recognizable in N. cecilialina and form the core of the crown.

These four principal cusps are surrounded by other cusps and

cuspules of varying sizes, so a total of 10 cusps and cuspules

make up the crown, and this is an apomorphic state compared to

the more primitive paleoparadoxiids. The cuspate cingula

surrounding the bases of the M2 crowns in the other species of

paleoparadoxiids are absent in N. cecilialina.

On the M2 of N. cecilialina, the paracone is the large cusp

located on the anterolabial part of the crown. From wear, this

cusp has merged with the more lingually positioned and relatively

large paraconule. The protocone is approximately the same size

as the paracone and is located on the anterolingual part of the

crown. Even though it has become severely worn, it has not

merged with the paraconule but remains separated from it by a

very narrow valley. The metacone is posterior to the paracone

and separated from it by a deep valley; it is located nearly in the

center of the crown and, because it is recessed, is only moderately

worn. The hypocone is larger than the metacone and is located

posterolingual to the metacone. The metaconule, located near the

middle of the posterior side of the crown, is large, taller than the

metacone, and equally as worn as the metacone.

The additional cuspules and enamel material that surround the

main cusps on the crown of the M2 result from apical extension

of the cingula. For this reason, the M2 of N. cecilialina has lost

cingula (see Character 13 in “Phylogenetic Analysis”). Other

paleoparadoxiids have prominent cingula. The apical extension

of the cingula in N. cecilialina resulted in creation of neomorphic
dental material; two cuspules located anterior to the paracone,

one cuspule on the labial side of the crown between the paracone
and metacone, and two cuspules at the posterolabial corner of the

tooth. With the absence of cingula, the enamel on the sides and
basal parts of the crown is very slightly rugose and slightly

convex.

The evolutionary process whereby the M2 of N. cecilialina has

become larger and more complex is elucidated by comparing it

with the M2s of the other more primitive paleoparadoxiids: the

holotypes of B. katsuiei and A. weltoni, the neotype of P. tabatai,

and the isolated left M2, LACM28411. The images of the M2s
in Figures 17C-C are arranged in geochronological order from
oldest to youngest. LACM 2841 1 (approximately 15 million

years old) is temporally intermediate between the neotype of P.

tabatai (18 million years old) and the holotype of N. cecilialina
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(10-11 million years old), and it is morphologically intermediate

between the M2s of those two named species. With these M2s
arranged chronologically, they appear also to be arranged

evolutionarily. This arrangement makes it evident that the cingula

that surround the bases of the molars of earlier paleoparadoxiids

are in the subsequent species extended progressively apically, thus

adding cuspules and other enamel material to the crown,

surrounding and supplementing the four tribosphenic cusps: the

protocone, paracone, metacone, and hypocone. The M3 of

paleoparadoxiids probably underwent similar changes, but that

tooth is not known for as many species. The M1 did not become as

highly modified as did the M2 and M3.
The root of the M2of N. cecilialina is single, but it is bilobed in

cross section, reflecting the multiple roots that were present on

this tooth in more primitive taxa. For example, on both the

isolated M2 from the “Merychippus Zone” and on the M2 of P.

tabatai, the roots are more distinct and not so coalesced. The
sulcus on the labial side of the root of the M2 of N. cecilialina is

quite deep. The pulp cavity is open, and the walls of the root are

relatively thin. There is a thin layer of cement on the outside of

the root that extends apically as far as the margin of the enamel.

The root tapers apically and is rooted vertically into the palate

rather than being curved medially.

M3. Both the right and the left M3s are present in the holotype

of N. cecilialina but are unerupted and situated deep within their

crypts in the palate. The sediment was removed from the crypt on

the left side, and the multicusped M3 has been exposed. There are

small tubercles on the apices of the cusps, as is typical of the

unworn teeth of Desmostylia and as are present on the erupted

but unworn M3s of the neotype of P. tabatai.

Mandible. Both holotype dentaries (Figs. 18-20, 21A) are

essentially complete, the left one missing only the apex of its

coronoid process. The two dentaries were joined in life by an

unfused symphysis that has a very rugose surface. This symphysis

is 156 mmlong, and its greatest dorsoventral thickness measures

32 mm. When the two dentaries are articulated, a large and wide

basketlike area is formed dorsal to the mandibular symphysis.

The mandibular crest along the lateral side of this area is sharply

elevated in the area of the pi, and there is a fossa both anterior

and posterior to the pi alveolus. The medial side of the

mandibular crest has an anteroposteriorly elongate sulcus below

its rugose dorsal margin. The medial surface of the dentary is

convex posterior to the symphysis but becomes flatter toward the

posterior part of the horizontal ramus. Ventral to the molars, the

bone bulges, and dorsal to this, the medial side of the dentary has

oblique striae. Ventral to this area there is a posteriorly directed

foramen, approximately 5 mm in diameter, which is not the

mandibular foramen. The very large mandibular foramen,

measuring approximately 23 mm in diameter and opening

posteriorly, is located on the medial side of the dentary, ventral

to the center of the coronoid process and at the same height as the

alveolar row. The medial side of the angle of the dentary is broad

and relatively featureless. The stout mandibular condyle,

measuring 60 mmtransversely and 43 mmanteroposteriorly,

tilts medially and sits on a relatively delicate neck. The coronoid

process tilts dorsolaterally from the sagittal plane, and the

coronoid crest along its anterior margin is the most lateral part of

the dentary. The coronoid crest curves uniformly toward the

apex of the coronoid process (and see Character 10 in

“Phylogenetic Analysis”), which is directed slightly postero-

dorsally and is rugose on its margin.

The symphyseal part of the mandible of N. cecilialina is more
nearly horizontally oriented than it is in either A. weltoni or P.

tabatai, both of which have the plane of the symphysis slightly

less than horizontal, and it is not rotated ventrally to the extent
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that it is in N. repenmngi (Fig. 21) (see Character 11 in

“Phylogenetic Analysis”). Compared with A. weltoni, N.

cecilialina has a broader and more dorsally directed coronoid

process, and its mandibular condyle is relatively larger and is

directed more posterodorsally (Fig. 21). Compared with N.

repenmngi^ in N. cecilialina the relative size of the mandibular

condyle and its orientation are similar, but the coronoid process

is narrower anteroposteriorly and more vertically directed. The
lesser dorsoventral depth of the horizontal ramus of N. cecilialina

and the smaller angle of its dentary compared to N. repenningi

may reflect its immaturity.

Neoparadoxia cecilialina differs from both A. weltoni and P.

tabatai by having a deeper and transversely wider fossa

developed in the oral cavity, dorsal to the symphyseal area, and

a larger mandibular foramen. Its dentary resembles that of N.

repenningi by having a relatively large oral cavity dorsal to the

symphysis and by having an enlarged mandibular foramen, but it

differs from N. repenningi by not having the anterior-most part

of the symphyseal area bent ventrally and by having a less

vertically directed coronoid process.

Lower Dentition. All of the lower teeth of N. cecilialina,

especially the canine, are larger than the homologous teeth of A.

weltoni. All four lower premolars or their alveoli are present in

the holotype of N. cecilialina. Presence of four premolars is the

primitive character state, as demonstrated by the presence of four

lower premolars in more primitive desmostylians (Domning et

ah, 1986; Inuzuka, 2000b). This contrasts with the apomorphic
state, a reduction to three premolars, that exists in P. tabatai and
N. repenningi (Inuzuka, 2005; Domning and Barnes, 2007).

11. Both the right and the left first lower incisors are

completely preserved, except for apical wear. These are the

narrowest of the lower incisors. They project almost directly

anteriorly from the anterior end of the dentary. The medial

incisors are located adjacent to the symphysis, and only their

thin alveolar walls separate the right and left first incisors. Both

the crown and the root are extremely flattened dorsoventrally

(Character 14 in “Phylogenetic Analysis”) and slightly concave

on the dorsal (lingual) side. This is the most flattened of any il

of a known paleoparadoxiid. The crown of the il of N.

cecilialina is transversely wider than that of the il of P. tabatai.

It has a long root that extends deep into the dentary. The wear
surface on the apex of the crown is blunt and concave

transversely. The enamel is smooth and thin, less than 1 mm
thick. The enamel margin is irregular on the anterior face of the

crown and extends proximally on the root at the lateral side of

the anterior surface. There is a slight sulcus extending the

length of the tooth on the lateral part of the anterior surface

and a slight ridge extending the length of the tooth on the

medial part of the anterior surface. There is also a slight sulcus

extending the length of the tooth on the medial part of the

lingual surface.

12. Both the right and the left second lower incisors are

completely preserved. They are slightly larger than the il and are

oriented in the same direction. The right i2 is separated by 1 mm
from the adjacent il. As in the il, the crown and root are also

extremely flat dorsoventrally, and N. cecilialina is the only

paleoparadoxiid known to have such a flattened i2. The crown is

slightly more expanded transversely than that of the il and
expands in width anteriorly. The crown is transversely wider

than the same tooth of P. tabatai, and its lateral margin is slightly

convex (Character 15 in “Phylogenetic Analysis”). The wear
surface on the apex of the crown is blunt and irregular. The
enamel is smooth and thin, less than 1 mmthick. There is a slight

sulcus extending the length of the tooth on the lateral part of the

labial surface and a slight ridge extending the length of the tooth

on the medial part of the labial surface. There is also a slight )'

sulcus extending the length of the tooth on the medial part of the

lingual surface.
I

i3. Both the root and the crown of the i3 are flattened
'

dorsoventrally in a similar manner to the il-2. The crown is

procumbent, but it is separated from the i2, and it is directed

slightly anterolaterally. Its enamel is thin, and the apex of the

crown has blunt wear.

c. The lower canines are only slightly erupted, and the left

canine is slightly more erupted than the right. The tips of their

fully preserved and enamel-capped crowns extend just beyond the

rims of their alveoli (Figs. 18, 19). The fact that the lower canines
j

are more erupted than the upper ones indicates that in adults of

N. cecilialina, the lower canines might have ultimately become
enlarged and tusklike (see Characters 16 and 17 in “Phylogenetic !

Analysis”), as occurs in adult paleoparadoxiids (Reinhart, 1959)

and in some members of the family Desmostylidae (Inuzuka

et al., 1995; Beatty, 2009).

pi. The pi (“snagging tooth”) of N. cecilialina is both

relatively and absolutely much larger than those of both A.

weltoni and P. tabatai, being nearly twice the size of the same
tooth in the latter. Unfortunately, this tooth has been destroyed ?

on the only known specimen of N. repenningi. A radiograph j

(Fig. 20) of the holotype dentary of N. cecilialina shows that the Ij

root has an open pulp cavity. The crown of this tooth is relatively
J,

large and is recurved posteriorly (Figs. 18, 19) and has no wear
on it. There is a small cuspulid on the posterior side of the much
larger main cusp. There is a diastema between this and the p2.

p2. The p2 of N. cecilialina is both relatively and absolutely

larger than those of both A. weltoni and P. tabatai. Unfortu-

nately, this tooth has been destroyed on the holotype of N.

repenningi. In N. cecilialina, a relatively wide diastema separates

p2 from pi. The crown of this tooth is enlarged and recurved and

is similar to the crown of pi but larger and has a cuspulid on its

posterolingual side. The enamel on its labial side has irregularities

and small grooves. Its function might be the same as the pi, and !

therefore it can also be termed a “snagging” tooth. The p2 on the

neotype of P. tabatai is not developed as much as a “snagging

tooth” as it is in N. cecilialina.

p3. The p3 of N. cecilialina is missing from both dentaries. Its

alveolus on both sides, however, indicates that it was a small

tooth, had a short root, and was closely appressed to the anterior

side of the larger p4. The fact that this species had retained a p3 is

significant. Presence of the p3 is a plesiomorphy, also retained in

species of Behemotops and in A. weltoni, and the tooth is absent [

in the neotype of P. tabatai and the holotype of N. repenningi

(see Character 18 in “Phylogenetic Analysis”).

p4. The p4 is present in both dentaries. The crown has a

moderate amount of wear. Its root is shown in the radiograph

(Fig. 20) to be open. It has an approximately quadrangular

crown that retains the basic cusp pattern (see Clark, 1991:499-

500; Inuzuka et ah, 1996:526, fig. 2; Inuzuka, 2000a:fig. 1): the (

protoconid in the anterolabial part of the tooth, the metaconid in
|

the anterolingual part, the hypoconid in the posterolabial part,

and the entoconid in the posterolingual part. Each of these
f

cuspids is shaped like a cone, approximately equal in size (see
j

Character 20 in “Phylogenetic Analysis”), although the entoco-
j

md is slightly smaller than the others, and each cuspid is
j

separated from the adjacent cuspids by valleys. There appears to
j

be a vestige of a paraconid represented by a bulge at the anterior
|

side of this tooth that has merged with the protoconid. A distinct

paraconid is present (a plesiomorphy) in other paleoparadoxiids I

(see Character 19 in “Phylogenetic Analysis”).

ml. The ml of N. cecilialina is relatively small, being not much
|

larger than the p4, and has a short root. Its heavily worn crown
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has an approximately quadrangular form and has the remnant

of a transverse valley that separates the protoconid in the

anterolabial part and the metaconid in the anterolingual part

from the hypoconid in the posterolabial part and the entoconid in

the posterolingual part. These individual cuspids have been

nearly obliterated by severe wear. It is shallow rooted, as shown

by the radiograph (Fig. 20), and this root is bilobed in cross

section, reflecting the previously separated two roots of this tooth

in more primitive species.

m2. The m2 is the largest erupted lower cheek tooth in the

specimen. It has a large, rather quadrate crown in occlusal view.

Because the m2s on both sides have not suffered extreme wear,

their cusps are distinguishable. The anterior part of the crown is

comprised of the paraconid, protoconid, and metaconid, arranged

in a triad. These are separated by a relatively deep transverse valley

from the talonid. There is a large hypoconulid. A well-developed

cuspid is located on the labial side of the crown, equidistant

between the paraconid and hypoconid, as is also present in A.

weltoni and P. tabatai (Character 21 in “Phylogenetic Analysis”).

This cuspid is larger on the left m2 than on the right m2 and has a

small cuspulid on its posterior side. There are remnants of the

cingulum only at the posterolingual side of the crown. Compared
to the right m2, the left m2has more mass on its posterolabial side,

comprised of small cuspulids formed by crown-ward extension of

the cingulum formerly on that side of the tooth. The radiograph

(Fig. 20) reveals this tooth has two relatively large roots, one

anterior and the other posterior.

m3. In each dentary, the m3 is unerupted and remains deep

within the crypt posterior to the erupted m2.

Vertebrae. Some of the vertebrae of the holotype were

articulated or were in approximately their correct anatomical

sequence when the specimen was collected, but many of the

vertebrae had been scattered by current action, predation, or

scavenging prior to final burial. The positions of the cervical

vertebrae are unmistakable. Some were found articulated, and
they all articulate well with one another as assembled in the

skeletal mount. The thoracic vertebrae have been arranged in the

most probable anatomical sequence based on the sizes of their

centra, the inclinations of their dorsal processes, and the

orientations of their transverse processes. The lumbar vertebrae

have been arranged on the basis of the lengths and widths of the

neural and transverse processes and the shapes of the centra.

Using these lines of evidence, the vertebrae were arranged for the

reconstructed skeleton.

The vertebral column of N. cecilialina includes seven cervicals,

15 thoracics, five or possibly six lumbars, four sacrals, and more
than four caudals. Compared with N. repenningi (Table 5), this

is one less thoracic (Character 23 in “Phylogenetic Analysis”),

one or two fewer lumbars (Character 25 in “Phylogenetic

Analysis”), and one less sacral (Character 26 in “Phylogenetic

Analysis”). Although N. cecilialina has fewer vertebrae than N.

repenningi, it is a longer animal. Compared to the more primitive

P. tabatai (Table 5), N. repenningi has one or possibly two more
thoracic vertebrae and one more lumbar vertebra. Conversely, N.

cecilialina has only four sacral vertebrae, compared to five in P.

tabatai and N. repenningi. Loss of one sacral vertebra in N.

cecilialina is an autapomorphy of the species.

Seven cervical vertebrae are, of course, typical of most
mammals (except xenarthrans and manatees). Although only

the first three cervicals are preserved with the neotype of P.

tabatai, this species most likely had seven cervicals, as do other

known desmostylians.

The cervical vertebrae of N. cecilialina are relatively large. Its

atlas vertebra (Fig. 22) is relatively large compared to the other

cervicals, is thick anteroposteriorly, has a low and broad neural
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spine, and has very large and winglike transverse processes that

are perforated by large transverse foramina. Measurements of the

atlas are as follows: greatest width across transverse processes

230 mm, transverse width across margins of articular facets

168 mm, and height of articular facets 77 mm.
The axis vertebra is also relatively large and has a large neural

process. The centra of the third through seventh cervical vertebrae

are anteroposteriorly compressed and, progressing posteriorly,

have progressively larger neural and transverse processes.

Neoparadoxia cecilialina has unquestionably 15 thoracic

vertebrae, one less than N. repenningi (16). The additional

thoracic vertebra of N. repenningi was not gained by transfor-

mation of a lumbar vertebra because it has seven lumbars, one

more than other skeletons. The centra of the thoracic vertebrae

are relatively large, taper in width ventrally, and have large

transverse processes and relatively tall and slender neural

processes. The transverse processes depart from the centra angled

dorsolaterally (Character 24 in “Phylogenetic Analysis”). The
head of the last rib articulates with the transverse process of its

corresponding vertebra; I identify this vertebra as the 15th

thoracic vertebra. The anticlinal vertebra is thoracic 1 1; its neural

process is vertical, and the ones on either side of it slant toward it.

Domning (2002) noted that the holotype of N. repenningi has no

anticlinal vertebra.

In the holotype skeleton of N. cecilialina, no rib contacts the

centrum of the 16th dorsal vertebra, so that is the first lumbar. The
skeleton has five lumbar vertebrae preserved, but originally it

may have had six. The neotype of P. tabatai has six, and the

holotype of N. repenningi has seven (Character 25 in “Phylo-

genetic Analysis”). The exact number in N. cecilialina cannot be

determined because of damage by machinery in this area of the

body. Lumbar vertebra 3 is represented only by the ventral part

of its centrum. Lumbar vertebra 4 apparently is entirely missing,

and in the skeletal mount a cast of lumbar vertebra 5 was
inserted in its place.

The epiphyses of the thoracic, lumbar, and sacral vertebrae have

a significant developmental oddity. Each epiphyseal surface has an

open center that is approximately oval, with the result

that each epiphysis is shaped like a flattened ring. Within these

openings in the epiphyses, the anterior and posterior surfaces of the

vertebral centra are exposed, and these surfaces are as smooth as

the epiphyseal surfaces. The anterior view of the fifth lumbar

vertebra is shown in Figure 23A, and the anterior face of the first

sacral vertebra is shown in Figure 24D. These demonstrate typical

vacuities in the vertebral epiphyses of this skeleton.

This phenomenon has not been noted by previous authors, but it

also exists in the neotype of P. tabatai (NSM-PV 5601) and the

holotype (UCMP81302) of N. repenningi (see Inuzuka, 2005:figs.

4, 5, 13, 14). Because these three paleoparadoxiid specimens

represent young and very old individuals, these vacuities may likely

be characteristic of paleoparadoxiids. Presumably, these openings

in the epiphyses were of no detriment to the mobility or health of

the animals. 1 interpret this as a paedomorphic feature and can

suggest no function for it. Other specimens of Desmostylia should

be inspected for the phenomenon.

As with the neotype of P. tabatai, the four sacral vertebrae of

the holotype of N. cecilialina are not fused firmly to one an-

other (Fig. 24). This is consistent with the immaturity of both

individuals. The first sacral vertebra is very large and has a very

large transverse process for articulation with the ilium. In

contrast, the holotype of N. repenningi has five sacral vertebrae

(Panofsky, 1998; Inuzuka, 2005:figs. 16, 17, 60). The first caudal

vertebra is fused to the fifth sacral vertebra. Reduction to four

sacral vertebrae in N. cecilialina is here interpreted as an

autapomorphy of this species.
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The holotype skeleton of N. cecilialina includes four caudal

vertebrae, which is clearly not the total original number; eight

more were manufactured for the skeletal mount, and these were

modeled from the holotype skeleton of N. repenningi. The
neotype skeleton of P. tabatai includes at least 1 1 real caudal

vertebrae, and as many six more were manufactured, making a

total of 17 caudal vertebrae in the mounted skeletal replica of

that specimen that is exhibited in the National Science Museum
in Tokyo, Japan. Panofsky (1998:75, 134) reported that the

holotype of N. repenningi had at least seven caudal vertebrae,

possibly eight or more. Some ambiguity derives from pathologic

breakage and fusion in life of one or more of its vertebrae.

Nonetheless, the completed mount of that specimen appears to be

lacking the larger anterior caudal vertebrae such as are present

with the holotype of N. cecilialina, and N. repenningi probably

had several more than eight caudal vertebrae.

Ribs. All of the right and left ribs appear to have been

preserved, confirming that there were 15 ribs on each side of the

thorax of N. cecilialina (Figs. 6, 9). Proceeding posteriorly, the

ribs become progressively longer and more slender. The more
anterior ribs curve anteriorly near their distal ends, whereas the

ends of the more posterior ribs are directed posteriorly.

The heads of the ribs are bulbous and rounded, and their

tubercles are large and rugose. All but the last rib articulate with

the corresponding vertebra by having its capitulum articulating

with the fovea on the transverse process of that vertebra and its

tubercle contacting the anterolateral corner of the centrum of the

next posterior vertebra.

The first rib (Fig. 25) is relatively short and wide transversely,

and its distal end is exceptionally wide in the craniocaudal plane. It

is proportionally shorter and wider than the same rib of N.

repenningi (Inuzuka, 2005:figs. 20-22). All of the succeeding ribs

are longer and more slender, the longest being the ninth rib. The

ribs in the middle and posterior parts of the thorax are long,

slender, and in cross section round to subquadrate and are flattened

mediolaterally at their distal ends and resemble somewhat the ribs

of terrestrial mammalian herbivores, such as rhinoceroses.

Sternum. Desmostylians typically have bilaterally paired

sternal bones (Shikama, 1957, 1966; Clark, 1991; Inuzuka,

1982, 2005; Domning, 2002), but their identifications have

varied. Inuzuka (2005:fig. 61) interpreted the manubrium as

being single (this bone being known in the Keton specimen of

Desmostyliis sp. and the holotype of N. cecilialina) and to be

followed posteriorly by four pairs of mesosterna.

The holotype of A. weltoni likewise has four paired sternebrae

and one single one. However, Clark (1991:501, fig. 2; following

Shikama, 1966) interpreted these to be one pair of preasterna,

one pair of first mesosterna, one pair of second mesosterna, one

pair of first xiphisterna, and an unpaired second xiphisternum.

This interpretation differs from that of Inuzuka, and Clark may

Figure 22 Neoparadoxta cecilialina, new genus and new species, holotype, LACM 150150, atlas vertebra; A, anterior (cranial) view; B, posterior

(caudal) view; C, left lateral view; D, dorsal view.
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Figure 23 Neoparadoxia cecilialma, new genus and new species, holotype, LACM150150, probable fifth lumbar vertebra; A, anterior (cranial) view;

B, left lateral view.

possibly have identified the single bone as being at the posterior

end of the series, thus a xiphisternum, while Inuzuka would have

identified it as being at the anterior end.

It appears that Inuzuka’s (2005) interpretation is correct, based

on the series of sternebrae of the neotype of P. tabatai as found

articulated in the sediment (Inuzuka, 2005:fig. 83) and on the

best fit of the sternebrae of the holotype of N. repenningi

(Inuzuka, 2005;figs. 23, 24, 61). The best arrangement (Fig. 26)

of the sternebrae of the holotype of N. cecilialina, which were

found scattered, follows that of Inuzuka for the holotype of N.
repenningi. If this is correct, then the holotype of A. weltoni has a

manubrium and four pairs of mesoterna, like P. tabatai does, and
it would remain to be learned if desmostylians had any

xiphisterna, paired or nonpaired, posterior to their last pair of

mesosterna.

If there are no xiphisterna, then all of the original sterna!

elements appear to be present in the holotype of N. cecilialina

(Figs. 26A, 26B). This is the only paleoparadoxiid specimen
known to have a manubrium, and it is single. The bone is

anteroposteriorly elongate, is circular in cross section, has a

rugose, knoblike anterior end, and has a very rugose posterior

end that is expanded transversely where it faces the paired first

mesosterna. The missing manubrium of N. repenningi would
have been shaped similarly to articulate with its wide mesosterna,

and the missing manubrium of P. tabatai would have been

narrower. The manubrium of the Keton Specimen of Desmosty-

lus sp. is relatively much smaller and is not elongate (Inuzuka,

2005:fig. 61; Fig. 26C), and these differences may possibly be

diagnostic for the two families.

The mesosterna of N. cecilialina are relatively large, wide

transversely and very flat dorsoventrally, in these ways being very

similar to those of N. repenningi and differing from the smaller and

narrower mesosterna of P. tabatai. The apomorphic state

for Desmostylia appears to be the presence of four pair of

mesosterna, as is the case with the Keton Specimen of Desniostylus

sp. (Inuzuka, 2005:fig. 61) and the neotype of P. tabatai (Inuzuka,

2005 :fig. 83). This would suggest that the presence of three pairs of

mesosterna in the holotype of N. cecilialina is apomorphic

(Character 27 in “Phylogenetic Analysis”).

Inuzuka (2005) interpreted the presence of only three mesoster-

na on the right side of the holotype of N. repenningi to be an

anomaly and the presence of four mesosterna on its left side to be

the normal condition. It is significant that the left mesosterna I

sequence of four bones of the holotype of N. repenningi resembles
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Figure 24 Neoparadoxia cecilialina, new genus and new species, holotype, LACM150150, fused sacral vertebrae one through four; A, dorsal view; B,

left lateral view; C, ventral view; D, anterior (cranial) view; E, posterior (caudal) view.
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Figure 25 Neoparadoxia cecilialina, new genus and new species, holotype, LACM 150150, first left rib; A, anterior (cranial) view; B, posterior

(caudal) view.
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the neotype of P. tabatai and that the right mesosternal sequence of

three bones resembles the holotype of N. cecilialina. Thus, the

variability in the holotype of N. repenningi possibly represents

genetic variability in a transitional stage in the reduction from four

to three pairs of mesosterna (Figs. 26C, 26D).

Inuzuka (2005:fig. 23) concluded that the reduction in

numbers of right mesosterna of the holotype of N. repetmingi

was the result of fusion of mesosterna 3 and 4. I suggest that,

based on the geometry of these bones, instead it was the result of

fusion of mesosterna 2 and 3. In this fashion, the three

mesosterna resulted from mesosterna 1 and 4 increasing in size

and mesoterna 2 and 3 becoming fused. Reduction from four to

three pairs of mesosterna in N. cecilialina is consistent with

reduction from 16 to 15 pairs of ribs.

The first rib of N. cecilialina articulated via sternal cartilage or

a sternal rib with the posterolateral corner of the manubrium.

There was a similar attachment at the junction of each of the

three subsequent paired sternebrae.

Limb Bones. Many bones of both of the forelimbs and hind

limbs are preserved with the holotype, but no forelimb or hind

limb was complete, and all of the right forelimb and shoulder

girdle are missing. Present are major parts of the left forelimb and

of the left hind limb and the femur and phalanges of the right

hind limb. All of the limb bones are stouter than those of P.

tabatai (see Shikama, 1957, 1966) and are generally more similar

in their proportions to those of N. repenningi (see Domning,

2002; Inuzuka, 2005) (see Character 2 in “Phylogenetic

Analysis”). Both the mantis and the pes are proportionally larger

than in any other known paleoparadoxiid. The distal end of the

tibia has lateral rotation characteristic of Desmostylia (Shikama,

1957, 1966; Inuzuka, 1982, 1988; Panofsky, 1998; Domning,
2001). The feet are relatively large and wide, and the digits are

widened, shortened, and flattened in a dorsal/plantar direction.

The first digits are absent or the first metacarpals and metatarsals

are reduced to only vestiges on both the forefeet and the hind feet

(Panofsky, 1998; Domning, 2002; Inuzuka, 2005); this is a

derived character state of Paleoparadoxiidae.

Scapula. The left scapula of the holotype of N. cecilialina

(Fig. 27; Table 6) is complete. It is tall proximodistally and

expanded along the pro.ximal (vertebral) border and has an

enlarged glenoid fossa and a prominent scapular spine. As in N.

repenningi (see Inuzuka, 2005), the anterior border of the

scapular blade does not curve, or bow, anteriorly. Such curvature

was interpreted by Clark (1991:301) as apomorphic in P. tabatai

(Character 28 in “Phylogenetic Analysis”). In N. cecilialina, both

the infraspinatus fossa and the area of the neck that is proximal

to the glenoid fossa are larger than in P. tabatai, both

apomorphic characters of N. cecilialina. The posterior (caudal)

border of the scapular blade, in the area where the teres major

muscle attaches, is not flat and rugose as it is in P. tabatai but is

smooth and convex as in N. repenningi (see Inuzuka, 2005:figs.

25, 26, 62) (Character 29 in “Phylogenetic Analysis”).

Humerus. The left humerus of the holotype of N. cecilialina

(Fig. 28; Table 6) is nearly complete. The humeral head and the

epicondylar epiphysis were unfused to the humerus and were

found nearby in the sediment and reattached to the bone.

Unfortunately, the epiphysis that was on the proximal end of the

greater tuberosity of the humerus was never found.

The humerus is the most massive limb bone in the body of this

animal except for the innominate. It is particularly massive at its

proximal end, having a much enlarged head and a very large

greater tuberosity. The diaphysis of the humerus of this juvenile of

N. cecilialina is stouter than those of both the ontogenetically older

juvenile neotype of P. tabatai (see Shikama, 1966) and the subadult

holotype of A. laeltoni. By virtue of its stoutness, the humerus is

proportionally similar to the very robust humerus of the old adult

holotype of N. repenningi (Inuzuka, 2005:figs. 27, 30).

The deltopectoral crest is relatively large, and its proximal end

traverses the diaphysis toward the medial side of the bone
(Fig. 28A). The distal part of the bone is very massive. On its

posterior side is a relatively large olecranon fossa (Fig. 28E).

The general similarity of this humerus to those of pinnipeds,

especially walruses (family Odobenidae), and to sirenians, espe-

cially sea cows (family Dugongidae), is remarkable and suggests

that N. cecilialina had a strong forelimb function in swimming.

Geologic action has created a fracture at approximately the

midlength of the diaphysis, and the two parts of the humerus
have thus been forced together, so that the bone is now shorter

than it was in life. The amount of offset at this break is clearly

visible in Figure 28F. The amount of compression between the

proximal and distal parts of the humerus can be measured at the

fracture in the bone, demonstrating that the humerus originally

was 45 mmlonger than it is now. The bone presently has a total

length of 408 mmas preserved, and adding 45 mmfor the

compression yields an original humerus length of approximately

453 mm(Table 6).

Radius. The left radius of the holotype (Fig. 29; Table 6) is

complete. As is typical of desmostylians (Shikama, 1966;

Inuzuka, 1982, 2000b, 2005; Panofsky, 1998:fig. 4; Domning,
2002:104), the radius has an exceptionally large distal epiphysis.

Because it is still unfused, the unusually large size of this epiphysis

is clear in this juvenile specimen. The distal articular surface on

the epiphysis bears a prominent anteroposteriorly aligned sulcus

that separates the articular facet for the triquetral bone from that

for the lunate.

The exceptionally thick anterior part of the distal epiphysis

forms the large styloid process (Domning, 2002:104; Inuzuka,

2005:fig. 28). This enlargement of the anterodistal part of the

radius has influenced restorations and skeletal mounts of

desmostylians that have the mantis flexed (e.g., Shikama, 1957,

1966; Inuzuka et al., 1995:fig. 10; Inuzuka, 2005). Domning
(2002) did not agree with such depictions, interpreting instead

that these animals could walk on land in typical digitigrade

fashion, and suggested that the enlarged anterodistal part of the

radius prevented hyperextension of the wrist during the recovery

stroke in forelimb-propelled swimming.

The radius of N. cecilialina was tightly pressed to the diaphysis

of the ulna, as evidenced by prominent interosseal tuberosities,

but, as Domning (2002:104) also noted for N. repenningi, the

two bones were not fused together as they are in the Keton

skeleton of Desmostylus sp. (see Inuzuka, 2005:fig. 65). This

tight articulation of the radius and ulna would have prevented

true pronation and supination of the lower forelimb. As in N.

repenningi (see Domning, 2002:104; Inuzuka, 2005:figs. 28, 30,

31), the proximal end of the radius forms most of the semilunar

notch for articulation with the humerus, and the stout diaphysis

of the radius would have borne most of the weight in terrestrial

locomotion. The radius of N. cecilialina is stouter than that of A.

weltoni and P. tabatai and is more similar in its proportions to

the radius of N. repenningi (Inuzuka, 2005:fig. 28).

Ulna. The left ulna (Fig. 30; Table 6) is complete. Its proximal

and distal epiphyses had not become fused to the diaphysis,

and although they had become separated from the bone,

they were discovered nearby in the sediment. These epiphyses

cannot be reattached firmly because in life thick cartilage

still separated them from the diaphysis. There are numerous

marks in the posterior surface of the diaphysis from bites by

sharks.

The ulna is much stouter than that of B. katsuiei, A. weltoni,

and P. tabatai and in its stoutness is similar to the ulna of N.
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Figure 26 Sterna of Desmostylia with sternebrae arranged in approximate anatomical positions, anterior is toward the top in ail images; A, B,

Neoparadoxia cecilialina, new genus and new species, holotype, LACM150150; A, dorsal view; B, ventral view; C-F, comparative dorsal views of sterna;

C, Desmostylus sp. (the “Keton specimen”); D, Paleoparadoxia tabatai (Tokunaga, 1939), neotype, NSM-PV 5601 (the “Izumi specimen”); E,

Neoparadoxia repenningi (Domning and Barnes, 2007), new combination, holotype, UCMP8 1302; F, N. cecilialina, new genus and new species, holotype,

LACM150150; Abbreviations: M= manubrium, I = first mesosternum, II = second mesosternum, II + III = second and third mesosterna fused together, III

= third mesosternum, IV = fourth mesosternum. Scale bar for A and B = 5 cm, C-F reduced to the same lengths of their mesosternal series. C modified from
Inuzuka (2005:fig. 61); D based upon bones depicted in quarry diagram (Inuzuka 2005:fig. 83) in which sternebrae are in near articulation, with missing

parts of left mesosterna here reconstructed from right mesosterna and manubrium based on that of N. cecilialina but drawn narrower to fit appropriately on
the relatively narrower mesosterna; E modified from Inuzuka (2005:figs. 24-1, 61) with the missing manubrium based on that of the holotype of N.
cecilialina; F based on Figure 26A.
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Figure 27 Neoparadoxia cecilialina, new genus and new species, holotype, LACM150150, left scapula; A, anterior (cranial) view; B, lateral view; C,

distal view; D, proximal view; E, posterior (caudal) view; F, medial view.
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Figure 28 Neoparadoxia cecilialina, new genus and new species, holotype, LACM150150, left humerus; A, anterior (cranial) view; B, lateral view; C,

distal view; D, proximal view; E, posterior (caudal) view; F, medial view.
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Figure 29 Neoparadoxia cecilialina, new genus and new species, holotype, LACM150150, left radius; A, anterior (cranial) view; B, medial view; C,

distal view; D, proximal view; E, posterior (caudal) view; F, lateral view.
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repenningi (Inuzuka, 2005:figs. 29, 31). The trochlear notch is

large and very broad transversely and, when articulated with the

humerus, its apex extends prominently into the olecranon fossa

on the caudal side of the humerus. The distal epiphysis is very

large and much thickened proximodistally, as is typical of

Desmostylia (Shikama, 1966; Inuzuka, 1982; Hasegawa et ah,

2006:pl. 2, fig. 2). This distal epiphysis is thicker than in any

other known desmostylian and comprises 17% of the length of

the ulna. It is much larger than the same epiphysis on the ulna of

the holotype of N. repenningi, on which the distal epiphysis

represents 14.5% of the length of the bone.

Because the holotype of N. cecilialina was a juvenile, the

epiphysis that caps the apex of the olecranon process was
unfused. This reveals that the epiphysis is exceptionally large and

is larger than the same epiphysis of P. tabatai. In comparison, this

same epiphysis on the holotype ulna of N. repenningi is even

larger and thicker, and that is an autapomorphy of that species

(Character 30 in “Phylogenetic Analysis”). Domning (2002:109)

postulated that muscles inserting on the very large olecranon

process of N. repenningi facilitated forceful extension of the

elbow at the end of a power stroke.

The olecranon process of the ulna of N. cecilialina is more
expanded in an anteroposterior plane than in any other named
species of Paleoparadoxiidae, and this feature is an autapomor-

phy of N. cecilialina (Character 30 in “Phylogenetic Analysis”).

This process is large and triangular in cross section, and its apex

is expanded medially. This latter feature is another autapomor-

phy of N. cecilialina (Character 30 in “Phylogenetic Analysis”).

Compared to that of N. repenningi, the olecranon process of N.

cecilialina is shorter proximodistally, wider anteroposteriorly,

more curved medially, and more bent caudally. In its shortness and

anteroposterior expansion, the olecranon process of N. cecilialina

somewhat resembles the olecranon process on the ulna of an

otarioid pinniped. The proximal lengthening of the olecranon

process of N. repenningi is an autapomorphy of that species

(Character 31 in “Phylogenetic Analysis”) because the process is

not lengthened in the primitive desmostylid Asboroa laticosta (see

Inuzuka, 2000b:fig. 4) or in A. weltoni (see Clark, 1991:fig. 2).

The length of the diaphysis of the ulna of N. cecilialina,

261 mm, is not much shorter than that of N. repenningi

(297 mm). Thus, the longer ulna of N. repenningi is due mostly to

its very elongate olecranon process, which is large and extends

proximally and does not bend medially. I interpret the shorter

and wider olecranon process of N. cecilialina to be an

autapomorphy of that species and the presence of a longer

olecranon process to be an autapomorphy of N. repenningi. An
interesting comparison is that in N. repenningi the proximal

epiphysis of the ulna is much enlarged (an autapomorphy of that

species), and in N. cecilialina it is the distal epiphysis that is much
enlarged (an autapomorphy of that species).

The posterior margin of the diaphysis of the ulna of N.
cecilialina is concave, being bowed anteriorly as it is in P. tabatai

and N. repenningi, and in this feature these species differ from A.

weltoni, in which the posterior margin of its ulna is nearly

straight (see Character 32 in “Phylogenetic Analysis”). The fact

that the olecranon process of N. repenningi is not so curved

posteriorly causes the posterior margin of its ulna to appear

straighter than that of N. cecilialina, but the posterior surface of

the diaphysis of its ulna does curve approximately the same way
as it does in N. cecilialina.

The anterior surface of the diaphysis of N. cecilialina is

flattened and widened, causing the diaphysis to be nearly

triangular in cross section. As in N. repenningi, the flattened

anterior face of the diaphysis is rugose, especially so at its

proximal end, reflecting its tight articulation with the radius. The
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medial side of the anterior surface of the diaphysis is formed into

a nearly straight and relatively sharp crest that extends for nearly

the entire length of the diaphysis. This same edge of the diaphysis

in N. repenningi is not as sharp and not as straight. The distal end

of the diaphysis where the epiphysis attached is deeply pocketed

and very irregular.

Manus. Most of the left manus is represented, and all of the

bones of the carpus (hamate (= unciform), capitate, trapezoid,

triquetral, lunate, scaphoid) and the second through fifth

metacarpals are present (Fig. 31). As is typical of Desmostylia,

the first digit (the poilex) is vestigial or absent (Shikama, 1 966;

Inuzuka, 1982, 2000b; Panofsky, 1998; Domning, 2002:fig. 3).

There is only a rudimentary first metacarpal in P. tabatai (see

Clark, 1991:502). The second through fifth metacarpals of N.

cecilialina are nearly identical to those of N. repenningi, somewhat
flattened dorsoventrally, and slightly stouter than those of P.

tabatai. The proximal trochlea of the third metacarpal projects as a

wedge between the capitate and hamate bones. The lateral side of

the proximal end of the fifth metacarpal has a large laterally

projecting lobe (Character 33 in “Phylogenetic Analysis”), as does

that of N. repenningi (see Inuzuka, 2005:figs. 36, 37).

For the museum’s mounted skeleton, the missing bones of both

the right and the left manus were modeled from the same bones

of the neotype of P. tabatai and the holotype of N. repenningi.

Based on the real bones and on these reconstructions, N.

cecilialina has a proportionally very large manus, and the digits

are relatively wide, short, and flattened in a dorsal/palmar

direction. In the mounted skeleton, the palmar surfaces of both

forefeet are directed posteroventrally, and this places them in

a position that would have been useful for swimming using a

“dog paddling” method (Inuzuka et al., 1995; Domning, 2002;

Inuzuka, 2005) in a manner that is employed by polar bears.

Innominate. Because of the immaturity of the individual

represented by the holotype, the three bones making up the

innominate had not yet become fused together, and only the left

ilium was found with the skeleton. Apparently, the left ischium

and pubis and the entire right innominate were destroyed by

machinery.

As is typical of desmostylians (Shikama, 1966; Inuzuka, 1982,

1988, 2005; Domning, 2002:103), the ilium (Fig. 32; Table 6) is

relatively large in comparison to the overall body size of the

animal. It is very similar to the ilium of N. repenningi (see

Inuzuka, 2005:figs. 39, 40) and relatively massive, and its

anterior end is expanded and curves ventrolaterally. It has a

very large facet on its medial side for articulation with the

transverse processes of the sacral vertebrae. Part of the large

acetabulum is preserved at its posterior end.

Femur. The right femur (Fig. 33; Table 6) is present. Both the

proximal and the distal epiphyses were unfused but have been

reattached. There are marks from the bites of sharks on the

anterior surface of the diaphysis. Commensurate with the

robustness of its forelimb bones, the femur of N. cecilialina is

also more massive than the femora of both A. weltoni and P.

tabatai. It resembles the femur of the old adult holotype of N.

repenningi (Inuzuka, 2005:figs. 41, 42) in the overall massiveness

of the bone; the relatively large size of its head, which is nearly

hemispherical in shape; and the transverse expansion of its distal

end. It differs from that of N. repenningi by having a more
slender diaphysis and a relatively larger head. It lacks a fovea

capitis, as does the femur of N. repenningi (Domning, 2002: 103).

Typical of species of Paleoparadoxiidae, the large greater

trochanter has a trochanteric fossa located in its posterior side,

a lesser trochanter is present, and the lateral margin of the

diaphysis narrows to a sharp crest. As in N. repenningi, the distal

condyles face posteriorly relative to the long axis of the bone.
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I

Figure 30 Neoparadoxia cecilialina, new genus and new species, holotype, LACM150150, left ulna; A, anterior (cranial) view; B, lateral view; C,

posterior (caudal) view; D, medial view.
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Figure 31 Neoparadoxia cecilialina, new genus and new species, holotype, LACM150150, left manus in dorsal view,
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indicating that the leg was not normally fully extended. The two

distal condyles are approximately equal in size, as is the case with

N. repenningi, in contrast to P. tahatai, in which the medial

condyle is larger than the lateral (Domning, 2002:103).

Patella. Neither patella was collected with this specimen. This

bone would have been large, however, as it is in other species of

Paleoparadoxiidae (Domning, 2002) because the patellar platform

occupies more than half the width of the distal end of the femur

(Fig. 33 A; Table 6). In the mounted holotype skeleton of N.

cecilialina, the missing patellae were modeled after those of N.

repenningi (see Panofsky, 1998:43, fig. 20; Inuzuka, 2005:figs. 43,

44).

Tibia. The left tibia (Fig. 34; Table 6) is nearly complete,

having its unfused proximal and distal epiphyses remaining in

place but missing the separate epiphysis that is immediately distal

to the patellar articulation on the anterior side of the diaphysis.

The proximal and distal parts of the right tibia are also preserved,

but there is no connection between the two parts. The tibia is more

massive than those of both A. weltoni and P. tabatai and closely

resembles the relatively stout tibia of the adult of N. repenningi in

the thickness of its diaphysis and the expansion of its distal end.

The tibia differs from that of N. repenningi (Inuzuka,

2005:figs. 45, 47) by having a more slender diaphysis and a

greater degree of inclination of the distal articular facet for the

astragalus (Character 36 in “Phylogenetic Analysis”). In the

degree of inclination of this facet, N. cecilialina is the most

derived of all described species of Desmostylia for which the tibia

is known. The tibial crest on the anterior proximal surface is not

so bent laterally as it is in either P. tabatai or N. repenningi, this

lateral bending being the most extreme in N. repenningi. In N.

cecilialina, the facet at the distal end of the tibia for articulation

with the fibula is elongate proximodistally, narrows to a point

proximally, and is the same shape as in N. repenningi. This

contrasts with the smaller, shorter, and more rounded shape of

the articular facet (Character 35 in “Phylogenetic Analysis”) on

the neotype of P. tabatai.

As is typical of Desmostylia and some other mammals, the

distal end of the tibia has undergone torsion: the rotation of the

distal end of the tibia laterally (Shikama, 1966; Inuzuka, 1982,

2000b:fig. 22; Inuzuka et ah, 1995; Panofsky, 1998; Domning,

2001, 2002). Among the described species of Desmostylia, this

torsion is the most extreme in N. cecilialina, in which the angle of

torsion is 50 degrees, compared to 48 degrees in P. tabatai and 45

degrees in N. repenningi (Domning, 2001).

Also typical of Desmostylia is the tilt of the distal articular

facet for the astragalus, which thus faces more laterally

(Domning, 2001, 2002). The degree of tilt of the distal articular

facet of N. cecilialina, which is 60 degrees, is the same as in N.

repenningi and greater than in P. tabatai (see Domning,
2001:table 1).

Fibula. The left fibula (Fig. 35; Table 6) is present but is missing

both its proximal and its distal epiphyses. The measurements in

Table 6 are not of its full original dimensions but only those of the

diaphysis. The diaphysis of the fibula is elongate and slender, is

approximately triangular in cross section for much of its length,

and has a relatively sharp crest extending along most of its tibial

border. Its proximal end is slender, as in the neotype of P. tabatai

(see Shikama, 1966). The diaphysis is straighter and its distal end

less expanded than the fibula of the holotype of N. repenningi (see

Inuzuka, 2005:figs. 46, 47). As with both P. tabatai and N.

repenningi, because of the torsion of the tibia, the diaphysis of the

fibula is obliquely rotated, essentially twisting around the lateral

side of the diaphysis of the tibia, from its proximal end to its distal

end (Figs. 6, 7, 9, 10, 36-38). Conforming with the previously

described tibia/fibula articular facet, the articular facet near the
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distal end of the medial side of the fibula is enlarged, triangular,

and expanded proximally, as it also is in N. repenningi. This

contrasts with the shorter, oval facet that is present in P. tabatai.

On the holotype of N. cecilialina, this facet measures 36 mm
transversely, was at least 55 mm long proximodistally, and

would have been longer than that when the missing distal

epiphysis was in place.

Pes. No parts of the left pes are present. The right pes is

represented only by the proximal phalanges of digits 2, 3, and 4

and the cuboid (Figs. 36-38). For the Museum’s skeletal mount,

the missing bones of both hind feet were modeled based on the

neotype of P. tabatai (see Shikama, 1966; Inuzuka, 1 982) and

the holotype of N. repenningi (see Panofsky, 1 998; Inuzuka,

2005).

Neoparadoxia cecilialina has proportionally very large hind

feet, and the proximal phalanges, while being relatively wide and

short proximodistally, are not as wide and short as they are in N.

repenningi (see Domning, 2002; Inuzuka, 2005:figs. 54-56). The
phalanges are flattened in a dorsal/plantar direction, almost as in

a cetacean, and indicate that N. cecilialina had a flattened and

widened pes for use in aquatic propulsion. The first digit (the

hallux) is absent, conforming with the apomorphic state in

Desmostylia (see Shikama, 1996; Panofsky, 1998; Inuzuka, 1982,

2005; Domning, 2002:figs. 1, 3).

In the mounted skeleton, because of the torsion of the tibia and

the tilt of its distal articular facet that articulates with the

astragalus, the plantar surface of the pes faces in a postero-

ventrolateral direction (Figs. 36-38). This position is atypical for

mammals, and there has been controversy in the literature

regarding the interpretation of this position of the pes among
Desmostylia (Inuzuka et ah, 1995; Domning, 2001, 2002;

Inuzuka, 2005) because this orientation places their hind feet in

an unusual position for a mammal.

DISCUSSION

Presence of four lower premolars is the primitive character

state for Desmostylia, as demonstrated by the presence of

four lower premolars in the primitive desmostylid A.

laticosta and the primitive paleoparadoxiids B. p rote ns, B.

katsuiei, and A. weltoni (see Domning et ah, 1986; Inuzuka,

2000b; Domning and Pyenson, 2008). In contrast, an

apomorphic state, the reduction to three lower premolars,

characterizes P. tabatai and N. repenningi (see Clark, 1991;

Inuzuka, 2005; Domning and Barnes, 2007; Domning and

Pyenson, 2008).

In paleoparadoxiids, the first two lower cheek teeth are

unopposed by upper teeth, and during life their crowns remain

essentially unworn. This is in contrast with the posterior cheek

teeth, which are heavily worn in many specimens.

The identification of the first lower cheek tooth of paleopar-

adoxiids has been controversial. This tooth has an enlarged and

tall crown and a single root. Because its crown is recurved, it has

been called the “snagging tooth” (Panofsky, 1998; Domning and

Pyenson, 2008) based on the interpretation that it assists in

grasping food.

Ijiri and Kamei (1961), Hasegawa and Taketani (1994),

Domning and Barnes (2007), and Domning and Pyenson

(2008) identified this first cheek tooth in paleoparadoxiids as

the pi. This has not been the case with all authors, however.

Clark (1991), at different places in his paper, identified the first

lower cheek tooth in A. weltoni as both the p I or p2, although he

subsequently considered the identification as the pi to be an error

(Clark to Domning and Pyenson, personal communication, 2

October 2006; Domning and Pyenson, 2008) because it was not
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Figure 33 Neoparadoxia cecilialma, new genus and new species, holotype, LACM150150, right femur; A, anterior (cranial) view; B, lateral view; C,

distal view; D, proximal view; E, posterior (caudal) view; F, medial view.
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Figure 34 Neoparadoxia cealialina, new genus and new species, holotype, LACM 150150, left tibia; A, anterior (cranial) view; B, lateral view; C,

distal view; D, proximal view; E, posterior (caudal) view; F, medial view.
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Figure 35 Neoparadoxia ceciluiliiui, new genus and new species, holotype, LACM150150, left fibula; A, anterior (cranial) view; B, lateral view; C,

posterior (caudal) view; D, medial view.
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Figure 36 Neoparadoxia cecilialina, new genus and new species, holotype, LACM150150, right hind limb as articulated for the mounted skeleton,

anterior view; metal supporting structures visible, showing the laterally directed foot, which here is viewed from the dorsal surface.
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Figure 37 Neoparadoxia cecilialina, new genus and new species, holotype, LACM150150, the right hind limb as articulated for the mounted skeleton,

lateral view; metal supporting structures visible, with the plantar surface of the pes facing posterolaterally (toward the viewer).



Figure 38 Neoparadoxia cecilialina, new genus and new species, holotype, LACM150150, right hind limb as articulated for the mounted skeleton,

posterior view, metal supporting structures visible, with the plantar surface of the pes facing posterolaterally.
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consistent with his other statements in the same publication or

with his phylogenetic analysis. Tarn (2000:figs. 11, 12) similarly

identified the first lower cheek tooth of P. tabatai as the p2.

Panofsky (1998:97, 122, fig. 52) and Inuzuka (2005) likewise

identified the first lower cheek tooth of N. repenningi as the p2.

Ray et al. (1994) interpreted the pi to be absent in all

desmostylians except species of Behemotops.

Discovery of N. cecilialina now unequivocally resolves the

controversy over the identity of the first lower cheek tooth. All

four lower premolars (or alveoli for them) are present in each

dentary of the holotype of N. cecilialina (see Figs. 18-20). The
specimen thus demonstrates that the first lower cheek tooth, the

“snagging tooth,” is definitely the pi and not the p2. In N.

cecilialina, the p2 was also modified as a “snagging tooth.”

A related controversy involves the identification of the missing

lower premolar in P. tabatai and N. repenningi, both of which

have only three premolars in each dentary. Reduction from four

to three lower premolars in each dentary is an apomorphic state

because most of the named species of paleoparadoxiids, including

all of the primitive ones, have four lower premolars. Holotype

and referred specimens demonstrate the presence of four

premolars in B. protens (see Ray et ah, 1994:fig. 13; Barnes

and Goedert, 1996:fig. 4; Fig. 2 IE), B. katsuiei (see Inuzuka,

2000b:112, 115, figs. 20, 24), A. weltoni (Fig. 21D), and N.

cecilialina (Figs. 18-20).

Clark (1991) originally interpreted the holotype of A. weltoni

as having three lower premolars, but Domning and Pyenson

(2008) demonstrated that the holotype has four lower premolars.

Ijiri and Kamei (1961) stated incorrectly that P. tabatai has four

lower premolars in each dentary, but subsequent interpretations

are in agreement that it has three premolars (Inuzuka et ah, 1995;

Inuzuka, 1988, 2000b, 2005; Tarn, 2000; Domning and Barnes,

2007; Domning and Pyenson, 2008).

Domning and Barnes (2007) and Domning and Pyenson (2008)

identified the missing premolar of P. tabatai as the p2 and

interpreted its place as being represented by a diastema. Although

we now know that Tarn’s (2000) identifications are not correct,

he did not attribute the diastema to the absence of a tooth

because he showed in his figure 12 the diastema being located

between the p2 and p3, teeth that should now be identified as the

pl and p2. The morphology of the holotype of N. cecilialina now
demonstrates that in P. tabatai, it is the p3 that was lost, that

there is no diastema in its former location, that the p2 is close to

the p4, and that the diastema is between the pl and p2.

The holotype of N. cecilialina, which has all four lower

premolars in each dentary, has its p2 located posterior to the

diastema (the same as in the neotype of P. tabatai). The
radiograph of the left dentary (Fig. 19) shows the empty alveolus

for p3 and shows no unerupted tooth in the dentary bone below

it. Considering that the holotype is a juvenile but several years old

(possibly 1 1 ± 2 years) (see “Ontogenetic Age, Body Size, and

Sex” above), it is unlikely that the tooth that occupied this empty
alveolus was a remaining deciduous premolar, and it most likely

was a worn p3.

The p2 of N. cecilialina has a crown that resembles that of the

pl (“snagging tooth”) by being transversely compressed and

recurved, but it differs from the pl by having both lingual and

posterior accessory cusps on the crown and by having a root that

in cross section is bilobed rather than round. The second lower

cheek tooth of P. tabatai is similar to the p2 of N. cecilialina

although smaller and is similarly located posterior to the

diastema. Therefore, I now reidentify the second lower cheek

tooth of P. tabatai as the p2.

The holotype of N. cecilialina thus demonstrates that all

previous identifications of the missing lower premolar in P.

tabatai and N. repenningi have been incorrect. The empty p3
alveolus of the holotype is shallow, and its crown would have

been pressed closely to the anterior side of the larger p4. Thus,

the p3 of N. cecilialina appears to have undergone reduction both

in its overall size and in the length of its root. This indicates that

the missing premolar in P. tabatai is most certainly the p3 rather

than the p2 as previous authors have identified it. The same
situation is most likely true for N. repenningi, the holotype of

which has an empty alveolus marking the position of the p2 and
which has no alveolus for a p3.

Therefore, I agree with Domning and Pyenson (2008), but for

different reasons, that in paleoparadoxiids, “the presence,

absence, and location of diastemata are especially inconclusive,

because they do not always indicate the loss of teeth.” This is

supported by the fact that in P. tabatai, N. repenningi, and N.

cecilialina, the diastema lies between teeth that can now be

identified confidently as the pl and p2. Although A. weltoni lacks

the wide diastema of the other species, the space between its pl

and p2 is nonetheless wider than spaces between any of its other

lower cheek teeth (Domning and Pyenson, 2008) and so is

homologous with the diastema in the other species.

Therefore, the presence of a diastema in the lower premolar

row of paleoparadoxiids apparently was not the result of the loss

of a tooth but more likely the result of spreading (stretching) of

the dorsal margin of the dentary bone as it became progressively

more lengthened anteroposteriorly and more bent ventrally

during the evolution of the group. The more anterior placement

of the anterior premolars would also enhance intraoral transport

of food.

Also controversial is the position of the desmostylian pes while

swimming (Shikama, 1957, 1966; Inuzuka, 1982, 1988, 2005;

Inuzuka et ah, 1996; Domning, 2001). Torsion of the tibial shaft

and tilt of its distal articular facet combine to cause the plantar

surface of each hind foot to face posteroventrolaterally, an

unusual position for a swimming mammal. Neoparadoxia

cecilialina has these desmostylian characteristics.

Neoparadoxia cecilialina shares with P. tabatai dorsoventral

flattening of both the incisor crowns and roots but has more
massive limb bones. Conversely, the geochronologically earlier

N. repenningi, which, like N. cecilialina, has relatively massive

limb bones and somewhat flattened incisors (as evidenced by only

one incisor fragment), has nonflattened incisor roots (a primitive

character state). That N. cecilialina has a different suite of

derived characters than geochronologically earlier species and is

not closely related to them indicates that paleoparadoxiids were

taxonomically and ecologically diverse and that their evolution

was neither simple nor anagenetic.

Osteosclerosis has been reported by Mitchell (1963:197;

fig. li) to occur in a bone fragment that might have belonged

to a Miocene paleoparadoxiid from San Clemente Island,

California, USA. (Mitchell identified the phenomenon as

pachyostosis.) However, Inuzuka (2005:38) reported that osteo-

sclerosis does not occur in the ribs, limb bones, and other bones

of the holotype of N. repenningi. Broken cross sections of some

of the limb bones and ribs were visible during preparation of the

holotype of N. cecilialina, and while the outer cortical areas of

some of these bones are thickened, their marrow cavities are not

filled by dense bony material; thus, they likewise are not

osteosclerotic. The ribs of the holotype are not expanded in their

girth and thus are not pachyostotic, as are, for example, the ribs

of species of Sirenia (manatees and dugongs).

The derived characters of N. cecilialina appeared late in

paleoparadoxiid evolution, shortly prior to the extinction of the

order Desmostylia. These modifications likely enhanced this

animal’s abilities to swim, breathe, hear, and see at the water’s
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Neoparadoxia

of the family Paleoparadoxiidae.

surface and to engulf large quantities of aquatic vegetation. Other

derived characters are paedomorphic: delayed eruption of canines

and third molars (apparently extending the functional life of

these teeth) and incomplete formation of vertebral epiphyses (of

uncertain significance).

During paleoparadoxiid evolution, the oral cavity became
larger; the mandibular symphysis, lower canines, and incisors

more nearly horizontally oriented; and the snout and mandible

increasingly ventrally turned. Such ventral turning of the snout

and mandible also occurs among dugongid sirenians (sea cows),

in which it has been interpreted as an adaptation for bottom
feeding on aquatic vegetation (Domning, 1978, 1981). In

paleoparadoxiids, the ventral turning resulted in expansion of

the dorsal margin of the dentary, forming the diastema between

pi and p2. The enlarged pi (the “snagging tooth”; Panofsky,

1998; Domning and Pyenson, 2008) most likely aided in feeding,

holding, and moving plant material posteriorly within the mouth.
No diastemata developed between the molars, which are

developed as a masticatory apparatus.

Dugongid sirenians, which are also marine mammal herbi-

vores, first appeared in the North Pacific Ocean in the early

Miocene and by the late Miocene increased greatly in both

abundance and diversity (Domning, 1978). Thus, N. cecilialina

probably demonstrates the ultimate evolutionary adaptations of

desmostylians as they competed with the diversifying dugongids.

PHYLOGENETICANAEYSIS

Several authors (e.g., Domning et a!., 1986; Clark, 1991; Ray et ah,

1994; Inuzuka, 2000b, 2005; Beatty, 2009) have made phyloge-

netic analyses of desmostylians, consistently obtaining results

supporting monophyly of the order Desmostylia and of the families

Paleoparadoxiidae and Desmostylidae. The analysis of Ray et al.

(1994) was an update of the one by Domning et al. (1986), both of

which were manually constructed. The one by Inuzuka (2005) was

an update of the one he performed earlier (2000b). Beatty’s (2009)

analysis showed the two species of Behemotops to be sister taxa

and Paleoparadoxia weltoni and F. tabatai to be sister taxa. He did

not include N. repenningi in the analysis, although he did cite

Domning and Barnes (2007), in which that species was named.

The phylogenetic analysis presented here was performed using

the program “TnT” (Goloboff et ah, 2008), using the “aquickie.

run” routine. One shortest tree was found, having a tree length of

42, a consistency index of 0.9762, and a retention index of

0.9286. The resulting phylogram is shown in Figure 39. In this

analysis, the two species of Behemotops function as an out-group

to the four other species regardless of whether they are placed

within the family Paleoparadoxiidae (as indicated by Inuzuka,

2000b, 2005) or considered to be basal to the Paleoparadoxiidae

(as indicated by Beatty, 2009).

The definitions and discussions of polarities of the 36

osteological and dental characters in Table 7 that were used for

this phylogenetic analysis are explained below. In addition to

characters used here for the first time, others are those that were

recognized by Clark (1991; his characters 13, 14, 16, 17, 29),

Ray et al. (1994; their characters 19, 20, 21, 27, 28, 36), Inuzuka

(2005; his characters 10, 16, 17, 18, 19, 20, 21, 23), and Beatty

(2009; his characters 10, 15, 28, 29, 31).

Only those characters that elucidate relationships within the

family Paleoparadoxiidae were used in the analysis. Not included

are characters that serve solely to determine interordinal

relationships, to separate Desmostylidae from Paleoparadoxii-

dae, or to determine relationships among members of the family

Desmostylidae. Behemotops proteus and B. katsiiiei served

collectively as the out-group, supported by Beatty’s (2009)

interpreting them to be basal to both families Desmostylidae

and Paleoparadoxiidae.

I did not use Clark’s Character 4, “Lower incisors enamel-

covered (0) or not (1).” This is the same as Beatty’s (2009)

Character 30, “Incisors; with enamel (0), lacking enamel (I).”

Inuzuka (2005:78) correctly noted that the tips of the lower

incisors of the neotype (NSM-PV 5601) of F. tahatai are worn off;

thus, the character cannot be determined for that specimen. The
one loose partial incisor found with the holotype (UCMP81302)

of N. repenningi (see Inuzuka, 2005:78, figs. 1-6, 1-7) is also

extremely worn. This tooth could possibly be an upper incisor

because its cross section closely resembles that of the 12s of the

holotype of N. cecilialina, particularly by having a longitudinal

ridge on both the labial side and lingual side of the crown. Not
enough of this partial tooth is preserved to determine if the root

was straight like the roots of the lower incisors of F. tahatai and N.

cecilialina or curved like the roots of their upper incisors. Thus, the

character also cannot be determined for N. repenningi. The
holotype (UCMP1 14285) of A. weltoni has the i3 in situ in the left

dentary, and this incisor has enamel on its crown (Clark, 1991:fig.

4A; app. 2). All of the lower incisor crowns of the holotype of N.

cecilialina also have enamel. Therefore, it is entirely possible that

the lower incisors of F. tahatai and N. repenningi originally had

enamel but that it has been worn off.

Behemotops proteus and B. katsuiei were resolved as sister

taxa, consistent with the results of Inuzuka (2000b, 2005) and



Table

7

Matrix

of

36

characters

that

were

used

in

a

phylogenetic

analysis

of

six

species

of

Paleoparadoxiidae.

The

characters

are

explained

in

the

section

“Phylogenetic

Analysis.”

104 Contributions in Science, Number 521 Barnes: New Paleoparadoxiid Desmostylian from California

SO
ro

rv. O Z.. o -
GD z>. Z'* o - -

rn
z'- o - - -

rOm o o - - -

32 o o o - -

31 o o o - O

30 o o o o -

29 z^. o o - -

28 z^. o - o O

27 Z'- o o - -

26 Z'* z^. o o -

zv. zx. o - o

24 z.. o o - - -

23 z^. o Z.. - r'] ro

22 o o - o zx. O

o o - - z^. -

20 - - o o z^. O

ON o o - rv) z^. rO

00 o o o - -- O

o o o - - (

SO - - o o o O

Gn zv. z^. o o Z'* -

'T o ZT.. - - - -

o o o o Z'- -

O'! zx. z^. o - z^. rsl

o o - - - T—

i

o o o o - z^. o

0\ zx. o - z^. -

00 z^. o o o z.. -

rx. z^. o o Z.. -

so z^. o o o Z'- -

G^ z^. z^. o o z.. -

'1' zx. z^. o - z^. -

rv. z.. - - ZT-. -

O'! o o o o - -

- o o o o - -

Bebemotops

proteiis

Bebemotops

katswei

Archaeoparadoxia

iveltoni

Paleoparadoxia

tabatai

Neoparadoxia

repenningi

Neoparadoxia

cecilialina

Beatty (2009). Archaeoparadoxia weltoni was resolved as a sister

taxon to F. tabatai plus N. repemiingi, the latter indicated in

Inuzuka (2000b:fig. 21) as “F. sp. nov.” The analysis resolved N.
repeimiugi and N. cecilialina as sister taxa. Except for my
inclusion of N. repenningi and N. cecilialina, by using many more
characters, I still obtained the same relationships as did Beatty

(2009:fig. 11).

GENERALMORPHOLOGY

1. Relatively small body size (0), or larger body size (1). All of the

known species of Desmostylia are relatively large mammals,
however, during middle and late Miocene time, the later-

occurring members of both families attained increasingly larger

body sizes. Among the species of the family Paleoparadoxiidae,

the greatest size increase occurred in the late-occurring species

N. repenningi and N. cecilialina, and the apomorphic state

occurs in those species that as adults attained body lengths of

2.2 m or more. This is the same as Character 36 of Ray et al.

(1994:fig. 15), although its appearance in their phylogram only

on the lineage representing the relatively small species of

Bebemotops must be an error.

2. Limb bones relatively slender (0), or relatively stout and

massive (1). Being medium-size to large graviportal mam-
mals, all members of the order Desmostylia have relatively

stout limb bones (humerus, radius, ulna, femur, tibia, and

fibula); however, the limb bones of the primitive species of

Asboroa, Bebemotops, and Archaeoparadoxia are less

massive than those of the later-occurring species. Among
species of the family Paleoparadoxiidae, the limb bones are

stoutest among the species of the genus Neoparadoxia, and

the apomorphic state for this character is defined as the

mediolateral width of the proximal end of the humerus being

at least 38% of the overall length of the humerus (see Table 6

for measurements of the humerus of the holotype of N.

cecilialina). The proximal end of the humerus in both N.

repenningi and N. cecilialina is approximately twice the

transverse with of that of A. weltoni and F. tabatai. This

parameter of the humerus is a proxy for proportions of the

other limb bones.

CRANIAL

3. Dorsal narial opening; restricted to the anterior end of the

snout (0), or enlarged and extended posteriorly (1). The

plesiomorphic state among species of Desmostylia is an

unenlarged dorsal bony naris that is positioned on the

anterior part of the snout, as exemplified by all of the

species of the family Desmostylidae for which crania are

known (see Inuzuka, 2000b:fig. 29; Beatty, 2009). The

apomorphic state is a posteriorly expanded (= posteriorly

retracted) naris as exists in A. weltoni (see Clark, 1991:figs.

3 A, B), F. tabatai (see Hasegawa et ah, 1995:fig. 2; Inuzuka

et ah, 1995:fig. 3), and N. cecilialina (see Figs. 14A, 15A,

16). The state of this character cannot be determined for A.

laticosta or species of Bebemotops, for which none of the

reported crania have the nares preserved, or for N.

repenningi, for which no cranium is known.

4. Nasal bones; elongate (0), or nasal bones shortened

anteroposteriorly (1). The plesiomorphic state is the

presence of nasal bones that are relatively elongate

anteroposteriorly, as exists in all of the species of the family
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Desmostyiidae for which crania are known (see Inuzuka,

2000b:fig. 29; Beatty, 2009). The apomorphic state exists in

the paleoparadoxiids A. weltoni (see Clark, 1991 digs. 3 A,
3B), P. tabatai (see Hasegawa et al., 1995:fig. 2; Inuzuka et

al., 1995:fig. 3), and N. cecilialina (see Figs. 14A, 15A, 16),

in which the nasal bones are shortened anteroposteriorly.

The state of this character cannot be determined for A.

laticosta or species of Behemotops, for which none of the

known crania have the nasal bones preserved, or for N.

repenningi, for which no cranium is known.

5. Nasal bones; not widened transversely (0), or nasal bones

widened transversely (1). The plesiomorphic state is nasal

bones that are relatively narrow transversely, which is

primitive for mammals and which exists in all of the species

of the family Desmostyiidae for which crania are known
(see Inuzuka, 2000b:fig. 29; Beatty, 2009), in the paleopar-

adoxiids A. weltoni (see Clark, 1991 digs. 3 A, 3B) and in P.

tabatai (see Hasegawa et al., 1995dig. 2; Inuzuka et al.,

1995dig. 3). The apomorphic state exists, so far as known,
uniquely in N. cecilialina, in which the nasal bones are

much widened transversely (see Figs. 14A, 15A, 16). The
state of this character cannot be determined for A. laticosta

or species of Behemotops, for which none of the known
crania have the nasal bones preserved, or N. repenningi, for

which no cranium is known.

6. Dorsal surfaces of supraorbital processes of frontals; not

elevated above the level of the interorbital region of the

cranium (0), or elevated dorsally above the level of the

interorbital region of the cranium (1). In the plesiomorphic

state, the dorsal surfaces of the supraorbital processes of the

frontals are below, or at their highest, level with the dorsal

surface of the interorbital region of the cranium. This

plesiomorphic state exists in all of the species of the family

Desmostyiidae for which crania are known (see Inuzuka,

2000bdig. 30; Beatty, 2009), in the paleoparadoxiid A.

weltoni (see Clark, 1991), and in P. tabatai (see Inuzuka,

2000bdig. 30). The apomorphic state exists, so far as

presently known, uniquely in N. cecilialina, in which the

dorsal surfaces of the supraorbital processes of the frontals

are elevated well above the dorsal surface of the interorbital

region of the cranium, causing the orbits to be positioned

relatively high upon the cranium (see Figs. 14B, 15B). This

character state cannot be determined for N. repenningi, for

which no cranium is known.
7. Supraorbital processes of frontals; small and not projecting

very far laterally (0), or widened to the extent that the

lateral margins of the postorbital processes project

laterally beyond the jugal bones of the zygomatic arches

(1). The plesiomorphic state, in which the supraorbital

processes of the frontals are relatively small and triangular

and do not project as far laterally as the zygomatic arches,

exists in all of the species of the family Desmostyiidae for

which crania are known (see Inuzuka, 2000b:figs. 25, 29;

Beatty, 2009). In the paleoparadoxiids A. weltoni (see

Clark, 1991:fig. 3) and P. tabatai (see Hasegawa et al.,

1995:fig. 2; Inuzuka, 2000b:fig. 25), the supraorbital

processes are wider than they are in species of the family

Desmostyiidae, but they do not extend as far laterally as

the zygomatic arches. The apomorphic state exists, so far

as known, uniquely in N. cecilialina, in which the

supraorbital processes of the frontals are so much enlarged

that they extend laterally beyond the lateral borders of the

zygomatic arches (see Figs. 14 A, 15A, 16). This character

cannot be determined for N. repenningi, for which no
cranium is known.
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8. Dorsal surface of cranium; arched along the sagittal plane in

the interorbital region (0), or depressed in the interorbital

region (1). The plesiomorphic state, in which the cranium is

arched along the midline in the interorbital region, exists in

the primitive desmostylid Cornwallius sookensis (see Beatty,

2009) and to a slightly lesser extent in the paleoparadoxiids

A. weltoni (see Clark, 1991:fig. 3) and P. tabatai (see

Hasegawa et al., 1995:fig. 2; Inuzuka, 2000b:fig. 25). The
apomorphic state exists, so far as known, uniquely in N.

cecilialina, in which the dorsal surface of the cranium in the

interorbital region is depressed along the midline (see

Figs. 14A, 15A, 16). This character cannot be determined

for N. repenningi, for which no cranium is known.
9. Posterior end of jugal bone; extends posteriorly to reach the

anterolateral corner of the glenoid fossa (0), or is retracted

anteriorly and does not reach the glenoid fossa (1). This is

the same as Beatty’s (2009) Character 31. The apomorphic
state is shown in Figures 14C and 15C.

MANDIBULAR

10. Coronoid crest of dentary; ascending vertically and curving

posteriorly (0), or crest curving anteriorly (1). The coronoid

crest is the anterior border of the coronoid process. In the

plesiomorphic state for paleoparadoxiids, the coronoid crest

slopes or bends posteriorly, as in B. katsniei (see Inuzuka,

2000b:fig. 16), and in the more derived paleoparadoxiids N.

repenningi and N. cecilialina. Paleoparadoxia tabatai,

however, has an autapomorphy in which the coronoid crest

arcs anteriorly and the anterior part of the coronoid process is

dorsal to the coronoid crest (Fig. 21C). This is not the same as

Inuzuka’s (2005:fig. 77) Character 9, “Tip of coronoid

process of mandible more recurved,” which refers to the

orientation of the entire coronoid process. A recurved

coronoid process is interpreted here not as being an

apomorphy but rather as a plesiomorphic character of basal

Desmostylia that was retained by members of the family

Desmostyiidae. Inuzuka’s Character 9 is not included here in

the analysis of relationships of species of Paleoparadoxiidae.

11. Mandibular symphysis; inclined anterodorsally (0), or rotated

anteroventrally to become approximately horizontal so that

incisors and canines are directed anteriorly (1). The plesio-

morphic state, in which the mandibular symphysis is inclined

anterodorsally, exists in B. proteus (see Ray et al., 1994:fig.

13; Barnes and Goedert, 1996:fig. 4; Domning and Pyenson,

2008:fig. 1; Fig. 21 E) and a referred specimen (AMP 23) of B.

katsniei (see Inuzuka, 2000b:fig. 20), although Inuzuka

(2005:fig. 77, table 27) did not score this character for the

latter species. The apomorphic state, in which the mandibular

symphysis is rotated anteroventrally so that the lower incisors

and canines are oriented anteriorly, exists in A. weltoni, P.

tabatai, N. repenningi, and N. cecilialina (Fig. 21). This is the

same character and scored in the same way as Clark’s (1991)

Character 29; Inuzuka’s (2005 :fig. 77) Character 16 “Ante-

rior upper margin of the mandibular body ventrally flexed”

and Character 23 “Mandibular body ventrally flexed behind

the second premolar”; Character 28 of Ray et al. (1994); and
Beatty’s (2009) Character 29.

DENTAL

12.

P2; present, nonreduced, with two distinct roots (0), present

and very small with one root ( 1), or absent (2). This is a
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transformational and multistate character. The plesio-

morphic state, in which the P2 is not small and has two
cusps on the crown and two roots (Clark, 1991:498, fig.

5A), is exemplified by the probable P2 of P. iveltoni. The
first apomorphic state exists in the neotype of P. tabatai, on
which the P2, judging by its empty alveolus (Fig. 17A), was
relatively small and had a single root. In the second

apomorphic state, exemplified by N. cecilialina, the P2 is

absent, and no vestige remains of its alveolus (Fig. 17B).

The condition of the P2 is not known for B. proteiis, B.

katsiiiei, and N. repeimingi.

13.

' M2; with well-defined, prominent, and cuspate basal

cingulum present and crown consisting of relatively distinct

cusps, paracone, metacone, protocone, and hypocone (0). or

dental material comprising cingulum extended crown-ward
and contributing to masticating surfaces in the form of added

CLispules and sides of crown therefore relatively smooth and
lacking cingula (1). The plesiomorphic state exists in B.

protetis (see Ray et al., 1994), B. katsuiei, A. iveltoni, and P.

tabatai (Figs. 1 7A, 17C-E) and the apomorphic state exists in

N. cealialina (Figs. 17B, 17G). The M2 is used to determine

this character because this tooth has the most easily observed

development of the structures in question and is preserved on

most of the pivotal specimens of most taxa. Similar

development exists on the M3, m2, and m3. This character

does not pertain to the Ml and ml, which in paleoparadox-

iids do not become enlarged and complex. The M3 was not

used to score this character because this tooth is not erupted

on the holotype of N. cealiiilina. No upper or lower molars

are known of N. repenningi. This is not the same character as

Inuzuka’s (2005:fig. 77) Character 7, “Tendency to reduction

of cingulum,” which he interpreted as being a defining

apomorphic character of the family Desmostylidae. It

probably correlates with Inuzuka’s (2005:fig. 77, table 27)

Character 21, “Five to six main cusps in the lower third

molar,” which he interpreted as being an autapomorphy of P.

tabatai, and with Beatty’s (2009) Character 15, “E.xtra cusps

on molars.” The loss of the cingulum on the second and third

molars in N. cecilialina contradicts a character that has been

used to define the family Paleoparadoxiidae: presence of the

cingulum.

14. Lower incisor crowns and roots; round to oval in cross

section (0), or flattened labiolingually (1). The plesiomorphic

state exists in B. protens (as in most generalized mammals), in

which the incisor roots and crowns are oval or round in cross

section. The apomorphic state, labiolingual flattening (in this

case, anteroposterior flattening because the incisors are

arranged transversely) of the incisor crowns and roots, exists

in A. weltoni, P. tabatai, and N. cecilialina. This flattening is

more pronounced on the il-2 than on the i3, and it is more
extreme in N. cecilialina than in P. tabatai. As noted above,

the loose partial incisor found with the holotype (UCMP
81302) of N. repenningi might be an upper incisor, so the

structure of the lower incisor crowns is not known, and the

lower incisor alveoli are not flattened.

15. Lower incisor 2 crown; medial and lateral margins parallel

sided (0), or i2 crown expanded transversely to the extent

that its lateral margin is curved laterally (1). The
apomorphic state exists in N. cecilialina, in which the

lateral margin of the i2 crown is convex, bowing laterally

(Figs. 18B, 19B), and this is in contrast to the straight lateral

edge of the i2 crown in P. tabatai.

16. Lower canine crown; oval to round in cross section (0), or

compressed transversely with a cuspate anterolingual crista

(1). The plesiomorphic state is a canine crown that is round
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to oval in cross section, as exemplified by A. weltoni, P.

tabatai, N. repenningi, and N. cecilialina. The apomorphic
state exists in B. protens and a referred specimen (AMP 23)

of B. katsuiei (see Inuzuka, 2000b:fig. 20), in which the

canine when viewed in cross section is flattened on its

medial side (see Ray et al., 1994). This is the same character

and scored in the same way as Character 21 of Ray et al.

(1994) and Character 27 of Beatty (2009).

17. Lower canine root; not enlarged in diameter (0), or enlarged

in diameter to form a tusk (1). The plesiomorphic state exists

in species of Bebeniotops, and the apomorphic state exists in

A. weltoni, P. tabatai, N. repenningi, and N. cecilialina. This

is not exactly the same character and scoring as Character 20
of Ray et al. (1994), who used the apomorphic state, in part,

to define the species of Behemotops and the family

Desmostylidae and interpreted it to be convergent.

18. Lower third premolar; present (retained) (0), or lost (1). The
plesiomorphic state, presence of all four lower premolars in

each dentary, exists in A. laticosta (see Inuzuka, 2000b:fig,

10), in the paleoparadoxiids B. protens (see Ray et al.,

1994) and A. weltoni (see Domning and Pyenson, 2008; in

contradiction to Clark [1991], who interpreted the p3 as

being absent), in N. cecilialina, and probably in B. katsuiei

(see Inuzuka, 2000b:figs. 10, 20). The apomorphic state,

absence of the p3, exists in P. tabatai and N. repenningi and

may be a convergence.

19. Lower fourth premolar; with paraconid at the anterior end

of the tooth small (0), enlarged (1), reduced to a vestige (2),

or absent (3). This is a multistate character. Beatty’s (1991)

Character 12 may have been intended to be the same as this,

but he indicated it to be paraconid present or lost on the p3
and scored it as being lost in P. tabatai, a species that does

not have a p3.

I use here a modification of Clark’s (1991) Character 13,

which was “p4 paraconid weak or absent (0) or well-developed

(1).” I recognize the same polarity for this character as Clark did,

except that I recognize it as being multistate.

In generalized and primitive mammals, the paraconid is usually

a prominent cusp in the anterior part of the p2-4. In B. protens,

both p2 and p3 retain a well-developed paraconid, but the p4 has

a much smaller paraconid (Domning et al., 1986; Ray et al.,

1994:figs. 6, 7). In the scoring employed here, (0) indicates the

plesiomorphic state, present in B. protens, in which the paraconid

is present on the p4 but small, its apex not as high as the apices of

the protoconid and metaconid. This condition exists on the right

p4 of the holotype (USNM244035) of B. protens, which has on

its anterior side (Domning et al., 1986; Ray et al., 1994:fig. 12) a

small cusp that Clark (1991:500) has also identified as the

paraconid. The holotype (AMP 22) of B. katsuiei, which was
described subsequent to Clark’s study, also has a p4 with an

approximately quadrangular crown comprised of four large

cusps, with a fifth cusp, the paraconid, on its anterior side (shown

by Inuzuka, 2000b:fig. 18-16, but not labeled as a paraconid by

Inuzuka, 2000a:fig. 1).

The first alternate apomorphic state, scored here as (1) and

which thus far appears to be an autapomorphy, exists on the

holotype (UCMP 114285) of N. weltoni, which has a relatively

large cusp on the anterior side of the p4 crown, which Clark

(1991:500) identified as the paraconid. The anatomical orienta-

tion in Clark’s (1991) figure 5C is with the anterior side of the

tooth to the right side of the image. The paraconid on this p4 of P.

weltoni is enlarged to the extent that its apex is at the same height

as those of the protoconid and metaconid, and it participates

equally with those cusps in wear on the occlusal surface. The

second alternate apomorphic state, scored here as (2), exists on the
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neotype of P. tabatai, which has on the p4 a very tiny paraconid

closely pressed to the anterior sides of the much larger protoconid

and metaconid. The third alternate apomorphic state, scored here

as (3), exists on the holotype of N. cecilialina, which has a slight

bulge on the anteromedial side of the p4 (Figs. 1 8, 19) that I

interpret to be a vestige of the paraconid.

20. Lower fourth premolar talonid; having its two posterior

cusps, the hypoconid and entoconid, equal in height to the

anterior two cusps, the protoconid and metaconid (0), or the

hypoconid and entoconid reduced in height (1). In paleopar-

adoxiids, the p4 is typically comprised of four main cusps,

identified (e.g., Clark 1991:499-500; Inuzuka etal., 1996:526,

fig. 2; Inuzuka, 2000a:fig. 1) as the protoconid in the

anterolabial part of the tooth, the metaconid in the ante-

rolingual part, the hypoconid in the posterolabial part, and the

entoconid in the posterolingual part. The plesiomorphic state,

in which the hypoconid and entoconid are not reduced, exists

in A. iveltoni, P. tabatai, and N. cecilialina. The apomorphic

state, in which the hypoconid and entoconid are reduced,

exists in both species of Behemotops. The character cannot be

determined for N. repenningi, for which no p4 is known. This

is the same as Character 14 of Clark (1991), Character 19 of

Ray et al. (1994:fig. 15), and Character 28 of Beatty (2009).

All of these authors have interpreted the polarity of this

character in the same way as I did here.

21. Lower second molar; lacking a well-developed cuspid on the

labial side of the crown (0), or having a well-developed

cuspid positioned labial to and approximately equidistant

between the protoconid and the hypoconid (1). Such a cuspid

is absent in B. proteits and 6 . katsuiei, which have the

plesiomorphic state. The cuspid is present in A. weltoni, P.

tabatai, and N. cecilialina (Figs. 18, 19), which have the

apomorphic state. The character cannot be determined in N.

repenningi, for which no m2 is known. This is the same as

Character 16 of Clark (1991), Character 27 of Ray et al.

(1994:fig. 15), and Character 10 of Beatty (2009). I

recognize the same polarity for it as they did and scored it

in the same manner, except that, unlike Beatty (2009), I

recognized two states rather than three.

22. Lower third molar; with hypoconulid present (0), or absent

(1). The plesiomorphic state, presence of this hypoconulid on
the posterior part of the m3, exists in B. proteits (see Ray et al.,

1994), B. katsuiei (see Inuzuka, 2000b:figs. 19-6-19-15), and
P. tabatai. Its absence in A. weltoni has been interpreted as an

autapomorphy of the species by Clark (1991) and Ray et al.

(1994). 1 recognize the same polarity for it as they did and
scored it in the same manner. This character cannot be

determined for N. repenningi, for which the tooth is not

known, or for N. cecilialina because the tooth in the holotype

is unerupted. This is the same as Character 17 of Clark (1991).

POSTCRANIALBONES

23. Thoracic vertebrae; numbering 13 (0), increased to 14 or 15

(1), increased to 16 (2), or secondarily decreased to 15 (3).

This is the same as Inuzuka’s (2005:fig. 77, table 27)

Character 10, “Thirteen thoracic vertebrae”; however, I

interpret for it the opposite polarity as Inuzuka (2005:fig.

77, table 27) apparently did. He interpreted the presence of

13 thoracic vertebrae to be an apomorphy of the family

Desmostylidae, scoring 1 for the character for both A.

laticosta and Desmostylus hesperus. I interpret 13 thoracic

vertebrae to be the plesiomorphic state for the order
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Desmostylia because the most primitive known species of

desmostylid, A. laticosta, has 13 thoracic vertebrae.

Numbers of thoracic vertebrae are unknown for B. proteits

and B. katsuiei (despite the fact that Inuzuka |2005:fig. 77,

table 27] scored this character for the latter species) and A.

weltoni. All of the later-occurring species of Paleoparadox-

iidae have more than 1 3 thoracic vertebrae; P. tabatai has

either 14 or 15, N. repenningi has 16, and N. cecilialina has

15 (Table 6). I score for N. cecilialina an alternate

apomorphic state, postulating that it has undergone
secondary reduction from 16 to 15 thoracic vertebrae,

coinciding with the loss of one pair of sternebrae.

24. Thoracic vertebra transverse processes; oriented projecting

laterally, directed away from the vertebral centra (0), or

inclined dorsolaterally relative to the centra (1). This is the

same as Inuzuka’s (2005:fig. 77) Character 17, “Transverse

process of thoracic vertebra more dorsally inclined,” and 1

agree with his interpretation of the polarity of this

character.

25. Lumbar vertebrae; numbering five or six (0), or increased to

seven lumbar vertebrae (1). The neotype of P. tabatai has six

lumbar vertebrae, the holotype of N. cecilialina has either

five or six, but the holotype of N. repenningi has seven

(Table 6), and I consider the latter to be an autapomorphy
of that species. In his schematic representations of the bones

found of the various desmostylian skeletons, Inuzuka

(2005:fig. 91) showed lumbar vertebrae for specimens of

A. laticosta and B. katsuiei-, however, these vertebrae were

not mentioned in his descriptions of those species (Inuzuka,

2000b), and these species cannot be scored for this

character.

26. Sacral vertebrae; numbering five (0), or reduced in number
to four (1). I postulate that the sacrum being composed of

five vertebrae in the Keton specimen of Desmostylus sp.

(Inuzuka, 2005 :fig. 60), the neotype of P. tabatai, and the

holotype of N. repenningi (see Inuzuka, 2005:figs. 16, 17,

60) is the plesiomorphic state, and that the reduction to four

sacral vertebrae in N. cecilialina (Fig. 24, Table 6) results

from reduction, and is thus an autapomorphy.

27. Mesosterna; four pairs (0), or reduction to three pairs (1).

The Keton specimen of Desmostylus sp., the holotype of A.

weltoni, and the neotype of P. tabatai all have four pairs of

mesosterna (see Fig. 26), and I postulate this to be the

plesiomorphic state. Neoparadoxia cecilialina has three

pairs (Figs. 26A, 26B, 26G), and I interpret this reduced

number to be the apomorphic state. The holotype of N.

repenningi has four mesosterna on the left side but three on
the right side (Fig. 26F; Inuzuka, 2005:figs. 23, 24, 61), and
for this analysis I scored it as having the apomorphic state

because it exhibits some degree of reduction. The sternal

elements are not completely known for A. laticosta and
Behemotops spp., and they were not scored.

28. Anterior border of the scapula; nearly straight (0), or very

curved anteriorly ( 1). The anterior border (as labeled by

Inuzuka, 2005:fig. 25) is relatively straight on the scapulae

of the Keton specimen of Desmostylus sp. (Inuzuka,

2005:fig. 62), the holotype of N. repenningi (see Inuzuka,

2005:figs. 25, 26, 62), and the holotype of N. cecilialina

(Figs. 27B, 27D), and this is interpreted to be the

plesiomorphic state. The middle part of the anterior border

of the scapula of the neotype of P. tabatai curves strongly in

an anterior direction (Clark, 1991:501), and this is scored

here as an autapomorphy of the species. The scapulae are

not known for B. proteits and B. katsuiei, so these species

are not scored for this character.
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29. Area of teres major muscle attachment on posterior border

of scapula; concave and rugose (0), or smooth, rounded, and
convex (1). This apparently is the same as Inuzuka’s

(2005 :fig. 77, table 27) Character 18, “Teres major muscle

facet of scapula convex.” Inuzuka indicates (2005:fig. 25)

the area where the teres major muscle attaches on the

posterior (or caudal) border of the scapula near the vertebral

border in N. repenningi. For this analysis, I interpret that

the plesiomorphic state for the area of teres major muscle

attachment is slightly concave and rugose, as on the

scapulae of the holotype of A. laticosta (see Inuzuka,

2005:table 27), the Keton specimen of Desmostylits sp. (see

Inuzuka, 2005:fig. 62), the holotype of A. weltoni (see

Inuzuka, 2005:table 27), and the neotype of P. tabatai. The
same condition exists on scapulae of artiodactyls. I interpret

the apomorphic state is for this area to be smooth and
convex as on the scapulae of the holotypes of N. repenningi

(see Inuzuka, 2005:figs. 25, 26, 62) and N. cecilialina

(Fig. 27E).

30. Olecranon process of ulna; narrow both anteroposteriorly and

transversely (0), or widened anteroposteriorly and expanded

medially (1). This is an autapomorphy of N. cecilialina.

31. Olecranon process of ulna; relatively short, not lengthened

proximally (0), or lengthened proximally (1). In most
generalized or primitive mammals, the olecranon process

of the ulna is not lengthened, and that is the character state

in the primitive desmostylid A. laticosta (see Inuzuka,

2000b:fig. 4), the paleoparadoxiid A. weltoni (see Clark,

1991:fig. 2), the neotype of P. tabatai, and the holotype of

N. cecilialina. Lengthening of the olecranon process of the

ulna in a proximal direction exists, so far as known, among
desmostylians only in N. repenningi, in which it is

interpreted here to be an autapomorphy.

32. Posterior border of diaphysis of ulna; nearly straight (0), or

bowed anteriorly, creating a concave posterior margin of

the diaphysis (1). As in most mammals, the diaphyses of the

ulnae of the holotype of the desmostylid A. laticosta (see

Inuzuka, 2000b:fig. 4), the holotype of A. weltoni (see

Clark, 1991:fig. 2), and the neotype of P. tabatai have

nearly straight posterior margins, and these species are

interpreted as having the plesiomorphic state. In the

holotypes of N. repenningi (see Inuzuka, 2005:figs. 29,

31, 65) and N. cecilialina (Figs. 30B, 30D), anterior

curvature of the posterior border of the diaphysis of the

ulna is interpreted here to be apomorphic. The curvature on
the ulnae of these latter two species is more distal than the

curvature that exists on the ulna of the Keton specimen of

Desmostylns sp. (Inuzuka, 2005:fig. 65).

33. Proximal end of fifth metacarpal; not expanded (0), or

expanded laterally (1). This is the same as Inuzuka’s

(2005:fig. 77, table 27) Character 19, “Fifth metacarpal

base laterally projected.” The plesiomorphic state exists in

the holotype of the primitive desmostylid A. laticosta, in the

Keton specimen of Desmostylns sp. (Inuzuka, 2005:fig. 67),

and in the paleoparadoxiids B. katsuiei and A. weltoni. The
apomorphic state, in which the pro.ximal end of the fifth

metacarpal is expanded laterally, exists in P. tabatai (see

Inuzuka, 2005:table 27), N. repenningi (Inuzuka, 2005:figs.

36-13, 36-14, 37, 67), and N. cecilialina (Fig. 31).

34. Distal articular facet of capitate bone; transverse (0), or

medially inclined (1). This is the same as Inuzuka’s

(2005:fig. 77, table 27) Character 20, “Distal surface of

capitate inclined medially.” He viewed the medial sloping of

this facet to be autapomorphic in A. weltoni and the absence

of this orientation of the articular facet to be the

plesiomorphic state in P. tabatai and N. repenningi. The
structure of the capitate in N. cecilialina is the same as in N.
repenningi and P. tabatai.

35. Distal tibia-fibula articulation; relatively small (0), or

enlarged and extended proximally (1). The plesiomorphic

state exists on the neotype of P. tabatai, in which the

articular facet between the distal ends of the tibia and fibula

is short proximodistally, approximately oval shaped, and
relatively small. The apomorphic state exists in the

holotypes of N. repenningi (see Inuzuka, 2005:figs. 45-47)
and N. cecilialina (Figs. 34B, 35D, 37), in which the tibia-

fibula articular surface is enlarged to be approximately one-

fourth of the length of the tibia and extends proximally on
the tibia, tapered proximally, so the articular surface is an
elongate triangle.

36. Astragalar facet on tibia; not very tilted (0), or tilted at least

60 degrees from horizontal (1). The primitive condition in

mammals is for the distal surface of the tibia to be

essentially transverse to the long axis of the diaphysis of

the tibia. In the relatively primitive paleoparadoxiid B.

katsuiei, the facet is slightly tilted (Inuzuka, 2000b:fig. 22).

The apomorphic state, in which the distal end of the tibia is

tilted at least 60 degrees from the transverse plane, exists in

the holotypes of N. repenningi and N. cecilialina (and see

Domning, 2001, 2002).

CLASSIFICATION

The classification below includes all of the species of Paleopar-

adoxiidae that are currently recognized as valid and reflects the

relationships indicated by the phylogenetic analysis presented

herein.

Inuzuka (1987) named the family Behemotopsidae to include

the species of Behemotops, but he later (2000a, 2000b)
synonymized it with the family Paleoparadoxiidae. Beatty

(2009) recognized Behemotopsidae as a separate family and as

a sister group to both the Desmostylidae and the Paleoparadox-

iidae. I agree with Inuzuka (2000b) in considering the species of

Behemotops to be basal members of the family Paleoparadox-

iidae. Thus, in the following classification, I propose two new
subfamilies in the family Paleoparadoxiidae: the Behemotopsinae

to include the species of Behemotops and the Paleoparadoxiinae

to include the species in the more derived genera Archaeopar-

adoxia, Paleoparadoxia, and Neoparadoxia.

The classification proposed below reflects the diversity of this

group that is becoming revealed by the fossil record and the

various phylogenetic analyses. The composition of the family

Paleoparadoxiidae reflects the findings of various authors (e.g.,

Clark, 1991; Domning et ah, 1986; Ray et ah, 1994; Inuzuka,

2000b, 2005) that this is a natural group. Use of the subfamily

Behemotopsinae reflects the analyses by Inuzuka (2000b, 2005).

Use of the subfamily Paleoparadoxiinae reflects the findings by

Clark (1991), Domning et al. (1986), Ray et al. (1994), Inuzuka

(2000b, 2005), Beatty (2009), and this study that this is a natural

and monophyletic group. Placement of Paleoparadoxia weltoni in

a separate new genus, Archaeoparadoxia, reflects its basal position

and separation from the other species that has been revealed by the

phylogenetic analysis. Placement of Paleoparadoxia repenningi in

the new genus Neoparadoxia with N. cecilialina reflects the

finding of the phylogenetic analysis that these two derived species

are sister taxa.

Paleoparadoxia media Inuzuka, 2005, is here identified as P.

tabatai (see Hasegawa and Kohno, 2007; Domning and Barnes,

2007). Inuzuka (2005) used the species name P. tabatai to

identify the “Stanford Skeleton.” and that specimen is identified
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here as N. repenningi (Domning and Barnes, 2007) (and see

Domning and Pyenson, 2008).

Class Mammalia Linnaeus, 1758

Order Desmostylia Reinhart, 1953

Family Paleoparadoxiidae Reinhart, 1959

Subfamily Behemotopsinae (Inuzuka, 1987), new context

and new rank

Behemotops Domning, Ray, and McKenna, 1986

Behemotops proteus Domning, Ray, and McKenna,
1986 (including Behemotops emlongi Domning,
Ray, and McKenna, 1986)

Behemotops katsuiei Inuzuka, 2000b
Subfamily Paleoparadoxiinae (Reinhart, 1959), new

context and new rank

Archaeoparadoxia, new genus

Archaeoparadoxia weltoni (Clark, 1991),

new combination

Paleoparadoxia Reinhart, 1959

Paleoparadoxia tabatai (Tokunaga, 1939)

(= Paleoparadoxia media Inuzuka, 2005)

Neoparadoxia, new genus

Neoparadoxia repenningi (Domning and Barnes,

2007), new combination

Neoparadoxia cecilialina, new species

CONCLUSIONS

1. The extinct mammalian order Desmostylia includes rela-

tively large-bodied marine herbivores that lived around the

margins of the North Pacific Ocean in Oligocene and
Miocene time, from approximately 33 or 32 million years

ago to approximately 1 1 or 10 million years ago. The
desmostylian family Paleoparadoxiidae is monotypic and
includes two subfamilies, Behemotopsinae and Paleopar-

adoxiinae. Both subfamily names are proposed here at new
ranks and in new contexts.

2. The subfamily Behemotopsinae includes two species in the

genus Behemotops Domning, Ray, and McKenna, 1986.

Behemotops proteus Domning, Ray, and McKenna, 1986
(the type species), is known by the holotype and referred

specimens from the early to middle Oligocene part of the

Pysht Formation on the Olympic Peninsula in Washington,
USA, and a referred specimen from the late Oligocene age

Yaquina Formation in coastal Oregon, USA Behemotops
katsuiei Inuzuka, 2000b, is known by the holotype and a

referred specimen from the late Oligocene age Morawan
Formation near Ashoro on the island of Hokkaido, Japan.

These basal paleoparadoxiids are (for desmostylians)

relatively small and have numerous plesiomorphic charac-

ters. Their apomorphies include modified lower canine

crowns that are compressed labiolingually and reduced

height of the two posterior cusps on the p4 talonid, the

hypoconid and entoconid, compared to the anterior two
cusps, the protoconid and metaconid. All other paleopar-

adoxiids for which the p4 is known have the hypoconid and
entoconid unreduced and equal in height to the protoconid

and metaconid.

3. The subfamily Paleoparadoxiinae includes four species in

three genera: Archaeoparadoxia, new genus; Paleoparadoxia

Reinhart, 1959; and Neoparadoxia, new genus. These later-

occurring and more derived species have mandibles with their

anterior ends rotated anteroventrally so that the incisors and
canines are directed anteriorly, an additional cuspid on the

labial sides of their m2s located approximately equidistant

Barnes: New Paleoparadoxiid Desmostylian from California 109

between the protoconid and the hypoconid, diastemata

between their canines and premolars, and additional cusps

on their second and third upper and lower molars.

4. Archaeoparadoxia includes one species, the comparatively

small, primitive, and slender-limbed Archaeoparadoxia

weltoni (Clark, 1991) (the type species), known only by

its holotype, collected from the latest Oligocene age

(approximately 24 million years old) Skooner Gulch
Formation in Mendocino County, northern California,

USA. The species is transferred here from Paleoparadoxia

to the new genus Archaeoparadoxia. It retained a relatively

large P2 and has as autapomorphies enlargement of the

paraconid on the anterior side of its p4 and loss of the

hypoconulid on the posterior side of its m3.

5. Paleoparadoxia includes one species. Paleoparadoxia tabatai

(Tokunaga, 1939) (the type species), best known by the

neotype skeleton (the “Izumi Specimen”) from the early

middle Miocene age (approximately 18 million years old)

Aoki Formation on Honshu, Japan. Other Miocene
Californian and Japanese specimens have been referred to

this species. Adults of P. tabatai were larger than those of A.

weltoni but smaller than those of Neoparadoxia repenningi

and N. cecilialina. Its apomorphies include an anteriorly

curved coronoid crest on the dentary, a very small P2, a much
reduced paraconid on the anterior side of its p4, loss of the p3,

and anterior curvature of the anterior (cranial) border of its

scapula.

6. Neoparadoxia includes two species, both of them relatively

larger as adults and more derived than other species in the

family: N. repenningi (Domning and Barnes, 2007) and N.

cecilialina, new genus and new species (the type species).

Compared to geochronologically earlier and more primi-

tive paleoparadoxiids, species in the genus Neoparadoxia
have more massive limb bones, larger and more dorsally

placed orbits, larger oral cavities, larger and more complex
molar crowns, larger epitympanic sinuses that have larger

dorsal apertures, fewer but larger and wider mesosterna,

and a larger distal articulation between the tibia and
fibula.

7. Neoparadoxia repenningi attained an estimated adult body
length of approximately 2.2 m. The species is transferred

here from Paleoparadoxia to the new genus Neoparadoxia.

It is known only by the holotype (the “Stanford Skeleton”),

collected from the middle Miocene age (approximately 14

million years old) Ladera Sandstone near Stanford Univer-

sity, San Mateo County, California, USA. This relatively

complete skeleton includes a dentary but lacks the cranium.

Its apomorphies include loss of the p3, thoracic vertebrae

increased to 16, and lumbar vertebrae increased to seven.

The cranium mounted on exhibited replicas of the holotype

skeleton is a modified cast of a specimen from a different

formation and does not necessarily represent this species.

8. Neoparadoxia cecilialina is known only by the holotype

skeleton, collected from the late Miocene age (approxi-

mately 10 to 1 1 million years old) part of the Monterey
Formation in Orange County, California, USA. The holotype

includes the cranium and both dentaries, and it is one of the

most complete known paleoparadoxiid skeletons.

9. The holotype of N. cecilialina allowed a reconstruction of

the skeleton and restorations of the body shape and

indicated that the body length of this individual was
approximately 2.44 m. Based on life history data for living

common hippos (Hippopotamus amphibius), the sex of the

individual cannot be determined; it might have been

approximately 1 1 years old when it died (plus or minus
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two years), was still a juvenile, and could have attained an

adult body length of 2.73 m. This would make it the largest

known species of paleoparadoxiid.

10. Neoparadoxia cecilialina differs from N. repenningi by

being larger at maturity and by having the il-2 roots very

flat dorsoventrally rather than being dorsoventrally deep

and rhomboid in cross section, the pi located posterior to

the ventrally curved dorsal margin of the dentary rather

than anterior to that location, the p3 present (having four

lower premolars in each dentary rather than three), 15

thoracic vertebrae rather than 16, five lumbar vertebrae

rather than six, four sacral vertebrae rather than five, the

olecranon process of the ulna short and bent medially rather

than being elongated and directed proximally, the distal

epiphysis of the ulna much thicker proximodistally, and the

astragalar facet on the distal end of its tibia more tilted

proximally.

11. The holotype of N. ceciliaiina has four lower premolars in

each dentary, proving that the first lower premolar (the

“snagging” tooth) of paleoparadoxiids is definitely the pi.

The identity of this first premolar has been controversial.

The relatively small size of the p3 in N. cecilialina indicates

that this is probably the tooth that was lost in P. tabatai

and N. repenningi^ not the pi or the p2, both alternatives

having been postulated in previous studies. Following this

evidence, the pl-p2 diastema of paleoparadoxiids probably

is the result not of tooth loss but rather of spreading of the

dorsal margin of the dentary as the anterior end of the

lower jaw became progressively lengthened and bent

ventrally.

12. The enlarged pi and p2 most likely aided in feeding, holding

and moving plant material posteriorly within the mouth.

Enlarged and closely spaced upper and lower molars were

an effective masticatory apparatus.

13. Other derived characters of N. cecilialina, the delayed

eruption of canines and third molars, possibly paedomor-

phic features, presumably extended the functional life of

these teeth and thus of the individual. The Ml and ml of

paleoparadoxiids typically become severely worn early in

life, and the delayed eruption of the last molars may
compensate for this.

14. During paleoparadoxiid evolution, the oral cavity became

increasingly larger, and the snout and mandible became

increasingly ventrally turned, resulting in the mandibular

symphysis, lower canines, and lower incisors being nearly

horizontally oriented. Such ventral turning also occurs

among dugongid sirenians (sea cows), in which it has been

interpreted as an adaptation for bottom feeding on aquatic

vegetation. In paleoparadoxiids this ventral turning might

have likewise been an adaptation for bottom feeding.

15. The masticating surfaces of the second and third upper and

lower molars of the later paleoparadoxiids were enlarged by

crown-ward expansion of dental material that in earlier and

more primitive paleoparadoxiids comprised cuspate cingula.

As an example of this phenomenon, the crown of the M2
of N. cecilialina has several cuspules in addition to the

protocone, paracone, metacone, and hypocone that make up

the same tooth in P. tabatai. An isolated M2 of an

unidentified middle Miocene paleoparadoxiid from Fresno

County, California, USA, is morphologically intermediate in

this regard between the M2s of P. tabatai and N. cecilialina,

and these three specimens appear to demonstrate these

progressive changes in paleoparadoxiid molars. Presence of

cingula on the molars is not a defining character of the family

Paleoparadoxiidae as has previously been understood.

16. Neoparadoxia cecilialina differs from P. tabatai by having

wider sternebrae and by having three pairs of mesosternae

rather than four pairs. Neoparadoxia repenningi possibly

represents an intermediate stage between P. tabatai and N.

cecilialina in mesosternal reduction because it has three

pairs of mesosterna on one side and four on the other.

17. The thoracic, lumbar, and sacral vertebral epiphyses of the

neotype of P. tabatai and the holotypes of N. repenningi and

N. cecilialina have central vacuities or thin areas that expose

the ends of the vertebral centra. This condition may be

diagnostic for paleoparadoxiids, and other desmostylian

specimens should be examined for it. The phenomenon is of

uncertain significance and apparently was not detrimental

to these animals.

18. Discovery of new specimens and resulting phylogenetic

analyses indicate that paleoparadoxiids were taxonomically

and ecologically diverse and that their evolution was neither

simple nor anagenetic.

19. The derived characters of N. cecilialina appeared late in

paleoparadoxiid evolution, shortly prior to extinction of the

order Desmostylia. These modifications likely enhanced

these animals’ abilities to swim, breathe, hear, and see at the

water’s surface and to engulf large quantities of aquatic

vegetation.

20. Dugongid sirenians, which are also marine mammal
herbivores, first appeared in the North Pacific Ocean in

the early Miocene and throughout the Miocene increased in

both abundance and diversity. The late-occurring species of

Neoparadoxia appear to have evolved some of the most

extreme adaptations among desmostylians as they competed

with the diversifying dugongids.
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APPENDIX

Inventory of bones making up the holotype, LACM150150, of Neoparadoxia ceciiialina, new genus and new species. These numbers

are written on the bones, and a record of them is kept in the collection files of the Department of Vertebrate Paleontology, LACM.

1 Cranium 46 Right rib 4

2 Dentary, articulated with number 80 47 Thoracic vertebra 9, neural arch

4 Left scapula 48 Sesamoid, undetermined position

5 Left humerus 49 Sesamoid, undetermined position

6 Left ulna 50 Sesamoid, undetermined position

7 Left radius 51 Thoracic vertebra neural arch, undetermined position.

8 Right femur attaches to number 60
9 Left astragalus 52 Caudal vertebra, uncertain position

10 Right mesosternum 2 53 Right rib 11, part of number 13

11 Left ilium 54 Lumbar vertebra 5

12 Right rib 15 55 Right rib 13, part, attaches to number 15

13 Right rib 11, part, attaches to number 53 56 Right rib 14, part, attaches to number 16

14 Right rib 12 57 Lumbar vertebra 2 neural arch, right transverse process.

15 Right rib 13, part, attaches to number 55 and centrum fragment

16 Right rib 14, part, attaches to number 56 58 Thoracic vertebra 1

17 Right rib, uncertain position, proximal end 59 Rib proximal epiphysis

18 Left rib 6 60 Thoracic vertebra neural arch, undetermined position.

19 Right rib 7, number 147 is its proximal epiphysis attaches to number 51

20 Right rib 6, part, attaches to numbers 22 and 109 61 Left humerus epiphysis of medial epicondyle, had not

21 Right rib 8 fused to humerus and was separate

22 Right rib 6, part, attaches to numbers 20 and 109 62 Sacral vertebra, with number 63

23 Right rib 5, number 149 is its proximal epiphysis 63 Sacral vertebra, with number 62
24 Lumbar vertebra 3 64 Cervical vertebra 6

25 Thoracic vertebra 3, number 184 is its epiphysis 65 Thoracic vertebra 4

26 Thoracic vertebra 8 centrum 66 Thoracic vertebra 5

27 Left metacarpal 5 67 Thoracic vertebra 6 neural arch

28 Proximal end of phalanx of uncertain position 68 Thoracic vertebra 7 part of neural arch, attaches to

29 Left metacarpal 4 number 71

30 Right mesosternae 3 and 4 fused together 69 Thoracic vertebra 8 part of neural arch, attaches to

31 Left tibia number 70
32 Left rib 13 70 Thoracic vertebra 8 part of neural arch, attaches to

33 Left rib 2 number 69
34 Left rib 4 71 Thoracic vertebra 7 part of neural arch, attaches to

35 Left metacarpal 3 number 68
36 Right rib 9 72 Left rib 7, attaches to number 101

37 Right rib 1 73 Left rib 9, part, attaches to number 88, number 156 is its

38 Cervical vertebra 7, its anterior epiphysis is number 1 12 proximal epiphysis

39 Manubrium 74 Thoracic vertebra 1

1

40 Right mesosternum 1 75 Thoracic vertebra 12

41 Left mesosternum 1 76 Thoracic vertebra 13

42 Right rib 3, number 148 is its proximal epiphysis 77 Thoracic vertebra 14
43 Left rib 1, number 161 is its proximal epiphysis 78 Thoracic vertebra 15

44 Sacral vertebra 1, not fused to sacral vertebrae 2-4 79 Left rib 15

45 Right rib 2, number 157 is its proximal epiphysis 80 Dentary, articulated with number 2
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81 Left rib 8, part, attaches to number 83

82 Left rib 12, part, attaches to number 84

83 Left rib 8, part, attaches to number 81

84 Left rib 12, part, attaches to number 82

85 Proximal phalanx, possibly from digit 4

86 Left rib 11, attaches to number 111

87 Right fibula

88 Left rib 9, part, attaches to number 73, number 156 is its

proximal epiphysis

89 Left rib 14, proximal epiphysis, attaches to number 114

91 Lumbar vertebra 5, extremity of right transverse process,

attaches to number 54

92 LIndetermined vertebra, extremity of right postzygapo-

physis

93 Left metacarpal 2

94 Left rib 5

95 Sesamoid, undetermined position

96 Cervical vertebra 5

97 Cervical vertebra 4

98 Left rib 3, number 160 is its proximal epiphysis

99 Cervical vertebra 1 (atlas)

100 Left M2
101 Left rib 7 proximal epiphysis, attaches to number 72

102 Left rib 10

103 Left mesosternebrae 3 and 4 fused together

104 Left cuboid

105 Sesamoid, undetermined position

106 Sesamoid, undetermined position

107 Thoracic vertebra 6 centrum

108 Proximal phalanx, possibly digit 2

109 Right rib 6 proximal epiphysis, attaches to numbers 20
and 22

110 Rib proximal epiphysis, undetermined position

111 Left rib 1
1

proximal epiphysis, attaches to number 86

I 12 Cervical vertebra 7 anterior epiphysis, attaches to

number 38

114 Left rib 14

115 Proximal epiphysis of phalanx, undetermined position

116 Rib proximal epiphysis, undetermined position

117 Rib proximal epiphysis, undetermined position

118 Rib proximal epiphysis, undetermined position

119 Rib proximal epiphysis, undetermined position

120 Rib proximal epiphysis, undetermined position

121 Right Ml
122 LeftP3

125

Left metatarsal 3, proximal end

126 Right tibia

127 Lumbar vertebra 6

128 Right navicular

136 Thoracic vertebra 7 centrum

137 Left hamate bone (= unciform)

138 Left capitate bone

139 Left trapezoid bone

140 Left tric'iuetral bone

141 Left lunate bone

142 Left scaphoid bone

143 Caudal vertebra, precise position uncertain

144 Left mesosternum 2

145 Caudal vertebra, precise position uncertain

146 Rib proximal epiphysis, undetermined position

147 Right rib 7 proximal epiphysis, attaches to number 19

148 Right rib 3 proximal epiphysis, attaches to number 42
149 Right rib 5 proximal epiphysis, attaches to number 23

150 Cervical vertebra 3

151 Cervical vertebra 2 (axis)

154 Caudal vertebra, precise position uncertain

156 Left rib 9 proximal epiphysis, attaches to numbers 73

and 88

157 Right rib 2 proximal epiphysis, attaches to number 45

158 Hyoid bone

159 Sesamoid bone, position uncertain

160 Left rib 3 proximal epiphysis, attaches to number 98

161 Left rib 1 proximal epiphysis, attaches to number 43
162 Left P4

163 Right M2
165 Left Ml
167 Right P3

170 Caudal vertebra epiphysis, precise position uncertain

174 Rib proximal epiphysis, precise position uncertain

175 Left lateral cuneiform bone

176 Thoracic vertebra 10 centrum, number 176 is its epiphysis

177 Thoracic vertebra 10 epiphysis, attaches to number 176

178 Rib proximal epiphysis, precise position uncertain

179 Thoracic vertebra 9 epiphysis, attaches to number 180

180 Thoracic vertebra 9 centrum, number 179 is its epiphysis

181 Possible sesamoid bone

184 Thoracic vertebra 3 epiphysis, attaches to number 25

185 Right rib 14, proximal pat, attaches to numbers 16 and

56

186 Right ilium, unfused to the ischium and pubis

187 Lumbar vertebra 1, incomplete


